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HYDROGENATED RING-OPENING METATHESIS COPOLYMER 
AND METHOD OF PRODUCING THE SAME 

TECHNICAL FIELD 
The present invention relates to a novel hydrogenated 
ring-opening metathesis polymer, more particularly, relates 
to a hydrogenated ring-opening metathesis polymer suitable 
for a base polymer of a photoresist used in fine working of 



2 a semiconductor using ultraviolet ray and far ultraviolet 

m 
m 
m 



fji ra y (including excimer laser and the like), excellent in 



heat resistance, thermal decomposition resistance, light 
transmittance and the like, and a method of producing the 
15 polymer hydrogen- added material. 

BACKGROUND ART 
With the recent increase of integration level in in- 
tegrated circuits on semiconductor devices, and large-scale 

20 integrated circuits (LSI) and very-large-scale integrated 
circuits (VLSI) have been put to practical use, and addi- 
tionally, the minimum lithographic pattern in an integrated 
circuit would be reaching in submicron feature, in future 
there is a tendency of further microlithographic . Forma- 

25 tion of a microlithographic pattern essentially requires 
use of a lithographic technology in which a treated sub- 
strate on which a thin film is formed is coated with a re- 



sist material, selective exposure is effected to form a la- 
tent image of a desired pattern, then, development is con- 
ducted to form a resist pattern which is used as a mask in 
dry etching, then, the resist material is removed to obtain 
5 a desired pattern. 

As the exposure light source used in this litho- 
graphic technology, ultraviolet lights such as g ray (wave- 
length: 436 nm) and i ray (wavelength: 365 nm) have been 
g utilized, with the progress of the fine lithographic pat- 

10 tern, and exposure light having a shorter wavelength such 
as far ultraviolet ray, vacuum ultraviolet ray, electron 
beam (EB) , x ray and the like have become popular to use as 
a light source. Particularly recently, excimer lasers (KrF 
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m 
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pi laser having a wavelength of 248 nm, ArF laser having a 



O 
III 



15 wavelength of 193 nm) have received attention as an expo- 
sure light source, and are expected to be effective in for- 
mation of a fine lithographic pattern. 

As polymers or copolymers used in a resist material 
forming a sub-micron pattern using exposure light in a re- 

20 gion of vacuum ultraviolet ray manifesting shorter wave- 
lengths, there have been suggested a lot of polymers and 
copolymers such as, for example, polymers or copolymers of 
a substituted acrylates or acrylates having an acid cleav- 
able protecting group and an adamantane skeleton at an es- 

25 ter portion (see JP-A No. 4-39665), polymers or copolymers 
of a substituted acrylates or acrylates having an acid 
cleavable protecting group and a norbornane skeleton at an 
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ester portion (see JP-A No. 5-257281), polymers or copoly- 
mers of cyclohexyl maleimide (see JP-A No. 5-257285), poly- 
mer compounds containing in the main chain a cellulose 
skeleton which is cleaved by the action of an acid (see JP- 
A No. 6-342212), polyvinyl alcohol or its derivatives (see 
JP-A No. 7-333850), and the like. 

However, there is no polymer or copolymer yet which 
satisfies all of various properties necessary for use as a 
resist material such as dry etching resistance, transpar- 
ency for far ultraviolet ray, solubility in resist solvent, 
wettability to a developer, adhesion to a substrate of 
silicon and the like, solubility in a releasing agent, and 
the like, and can be synthesized easily, requiring further 
developments . 

On the other hand, cyclic polymers as found in photo- 
resist compositions comprising a polymer compound having a 
cyclic skeleton which contains an alicyclic hydrocarbon as 
the main chain and has a pendant acid cleavable group 
(W097/33198, JP-A Nos . 09-230595, 09-244247, 10-254139) 
have problems such as poor solubility in a resist solvent 
at high concentration, poor wettability to a developer, 
poor adhesion to a silicon substrate and the like, though 
these cyclic polymers are excellent in dry etching resis- 
tance and excellent in transparency to far ultraviolet ray. 



DISCLOSURE OF THE INVENTION 
An object of the present invention is to provide a 



hydrogenated ring-opening metathesis polymer which satis- 
fies above-mentioned various properties necessary for use 
^ as a base polymer for a resist material , more particularly, 

all of various properties necessary for use as a base poly- 
5 mer for a resist material in a positive photoresist compo- 
sition which is excellent in light transparency and the 
like, has high sensitivity and high resolution and has high 
affinity to an alkali developer, and provides an excellent 
pattern, to be used for fine working of a semiconductor us- 

O 

p 10 ing ultraviolet ray and far ultraviolet ray (including ex- 

|C>Sjj 

*£} cimer laser and the like), and which further have a nar- 

m 

01 rower molecular weight distribution, and to provide a 

W 

n method of producing such a polymer hydrogen-added material. 

w 

yj The present inventors have studied variously for 

fU 

£0 15 solving the above-mentioned problems and intensively inves- 

n 

rU tigated a possibility of use of a hydrogenated ring-opening 

metathesis polymer of a cyclic olefin-based monomer as a 
base polymer for a resist material having excellent optical 
property, electric property, rigidity, heat resistance, ad- 

20 hesion to a substrate, and weather resistance, and resul- 
tantly found that a novel hydrogenated ring-opening me- 
tathesis polymer having a specific structural unit, namely, 
a structural unit which has an alicyclic compound as the 
main chain and contains an oxygen atom in a part of the cy- 

25 clic structure thereof satisfies these various abilities as 
a resist material, leading to completion of the invention. 
Namely, the present invention provides a hydrogenated 
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ring-opening metathesis polymer which contains, if neces- 
sary, a structural unit [A] of the following general for- 
mula [ 1 ] : 




[1] 



[wherein, at least one of R to R represents a functional 
group having a tertiary ester group of a cyclic alkyl of 
the following general formula [2]: 




[2] 



(wherein, the chain line represents a connecting means, R 5 
represents a hydrogen atom, a linear, branched or cyclic 
alkyl group having 1 to 10 carbon atoms, a linear, branched 
or cyclic alkoxyalkyl group having 2 to 10 carbon atoms, or 
a linear, branched or cyclic acyl group having 1 to 10 car- 
bon atoms, R 6 represents a linear, branched or cyclic al- 
kyl group having 1 to 10 carbon atoms. W 1 represents a 
single bond or a (k+2)-valent hydrocarbon group having 1 to 
10 carbon atoms. Z represents a divalent hydrocarbon group 
having 2 to 15 carbon atoms, and forms a single ring or a 



cross-linked ring together with carbon atoms to be bonded, 
k represents 0 or 1 . ) and the remaining groups of R 1 to R 4 
are selected each independently from a hydrogen atom, lin- 
ear, branched or cyclic alkyl groups having 1 to 2 0 carbon 
atoms, halogens, linear, branched or cyclic halogenated al- 
kyl groups having 1 to 2 0 carbon atoms, linear, branched or 
cyclic alkoxy groups having 1 to 20 carbon atoms, linear, 
branched or cyclic alkoxyalkyl groups having 2 to 20 carbon 
atoms, linear, branched or cyclic alkylcarbonyloxy groups 
having 2 to 2 0 carbon atoms, arylcarbonyloxy groups having 
6 to 20 carbon atoms, linear, branched or cyclic alkylsul- 
fonyloxy groups having 1 to 2 0 carbon atoms, branched or 
cyclic alkylsulfonyloxy groups, arylsulf onyloxy groups hav- 
ing 6 to 20 carbon atoms, linear, branched or cyclic 
alkoxycarbonyl groups having 2 to 20 carbon atoms, or lin- 
ear, branched or cyclic alkoxycarbonylalkyl groups having 3 
to 2 0 carbon atoms, and X x s may be the same or different 
and represent -O- or -CR 7 2 - (wherein, R 7 represents a hy- 
drogen atom or a linear or branched alkyl group having 1 to 
10 carbon atoms.)- j represents an integer of 0 or 1 to 
3.], and contains at least a structural unit [B] of the 
following general formula [3]: 




[3] 
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[wherein, R 8 to R 11 each independently represent a hydrogen 
atom or a linear, branched or cyclic alkyl group having 1 
to 10 carbon atoms, and X 2 s may be the same or different 
and represent -O- or -CR 12 2 - (wherein, R 12 represents a hy- 
drogen atom or a linear or branched alkyl group having 1 to 
10 carbon atoms.)- m represents an integer of 0 or 1 to 
3.], and/or a structural unit [C] of the following general 
formula [ 4 ] : 



10 



15 




[4] 



[wherein, R 13 to R 16 each independently represent a hydro- 
gen atom or a linear, branched or cyclic alkyl group having 
1 to 10 carbon atoms, and X 3 s may be the same or different 
and represent -O- or -CR 17 2 - (wherein, R 17 represents a hy- 
drogen atom or a linear or branched alkyl group having 1 to 
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10 carbon atoms.)- One of y 1 and Y 2 represents - ( c=0)- and 
the other of Y 1 and Y 2 represents -CR 18 2 - (wherein, R 18 
represents a hydrogen atom or a linear or branched alkyl 
group having 1 to 10 carbon atoms.). n represents an inte- 
5 ger of 0 or 1 to 3 .] , 

wherein at least one of x 1 in the structural unit [A] 
of the general formula [ 1 ] , x 2 in the structural unit [B] 
of the general formula [3] and X 3 in the structural unit 
H [C] of the general formula [4] represents -0-, and 

£ 10 the molar ratio of [A]/([B] and [C]) is 0/100 to 99/1, 

O 

q and the ratio of the weight-average molecular weight Mw to 

m 

m the number-average molecular weight Mn (Mw/Mn) is 1 0 to 

2.0. 

Q 

W Further, the present invention provides a method of 

RJ 

15 producing a hydrogenated ring-opening metathesis polymer 



a 

ill 



according to Claim 1, comprising 

using, if necessary, a cyclic olefin monomer of the 
following general formula [9]: 




[9] 



20 



(wherein, R 1 to r\ x 1 and j are as defined above.) and, at 
least a cyclic olefin monomer of the following general for- 



mula [10]: 
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(wherein, R 8 to R 11 , x 2 and m are as defined above.) and/or 
a cyclic olefin monomer of the following general formula 
[11]: 




[11] 



(wherein, R 13 to R 16 , X 3 , Y 1 , Y 2 and n are as defined 
above.)/ wherein at least one of X 1 in the general formula 
[9], X in the general formula [10] and X 3 in the general 
formula [11] represents -0-, and 

polymerizing these monomers with a ring-opening me- 
tathesis catalyst, and hydrogenating the resulted polymer 
in the presence of a hydrogenation catalyst. 



15 



BRIEF EXPLANATION OF DRAWING 
Fig. 1 shows a 1H-NMR spectrum (270 MHz, solvent is 
deuterated chloroform) of a hydrogenated ring-opening me- 
tathesis polymer obtained in Example 1. 
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BEST MODES FOR CARRYING OUT THE INVENTION 
In the general formula [1] in the present invention, 
at least one of R 1 to R 4 represents a functional group hav- 
ing a tertiary ester group of a cyclic alkyl of the follow- 
ing general formula [2]: 



(wherein, the chain line represents a connecting means. R 5 
represents a hydrogen atom, a linear, branched or cyclic 
alkyl group having 1 to 10 carbon atoms, a linear, branched 
or cyclic alkoxyalkyl group having 2 to 10 carbon atoms, or 



bon atoms. R represents a linear, branched or cyclic al- 
kyl group having 1 to 10 carbon atoms. w 1 represents a 
single bond or a (k+2)-valent hydrocarbon group having 1 to 
10 carbon atoms. z represents a divalent hydrocarbon group 
having 2 to 15 carbon atoms, and forms a single ring or a 
cross-linked ring together with carbon atoms to be bonded, 
k represents 0 or 1.) 

Regarding R 5 , examples of the linear, branched or cy- 
clic alkyl group having 1 to 10 carbon atoms include methyl, 
ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl, 
cyclopentyl, cyclohexyl, 1-ethylcyclopentyl , 1-ethyl- 




[2] 



a linear, branched or cyclic acyl group having 1 to 10 car- 



cyclohexyl and the like, examples of the linear, branched 
or cyclic alkoxyalkyl group having 2 to 10 carbon atoms in- 
clude methoxymethyl, 1-ethoxyethyl , 1-tert-butoxyethyl , 1- 
cyclohexyloxyethyl, 1-ethoxypropyl , 1-ethoxy-l-methyl-ethyl , 
tetrahydrofuran-2-yl, tetrahydropyran-2-yl and the like, 
and examples of the linear, branched or cyclic acyl group 
having 1 to 10 carbon atoms include formyl, acetyl, 
pivaloyl, cyclohexylcarbonyl and the like. Among these 
groups R 5 , linear or branched alkyl groups having 1 to 6 
carbon atoms, linear, branched or cyclic alkoxyalkyl groups 
having 2 to 7 carbon atoms and linear or branched acyl 
groups having 2 to 7 carbon atoms are preferable, and par- 
ticularly, a hydrogen atom, methyl, ethyl, methoxymethyl, 
1-ethoxyethyl, tetrahydrof uran-2-yl and acetyl are prefer- 
able. 

Regarding R 6 , examples of the linear, branched or cy- 
clic alkyl group having 1 to 10 carbon atoms include methyl, 
ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl, 
cyclopentyl, cyclohexyl, cyclooctyl, norbornyl, 1- 
methylcyclopentyl, 1-ethylcyclopentyl , 1-methylcyclohexyl , 
1-ethylcyclohexyl, 1-methylnorbornyl , 1-ethylnorbornyl and 
the like, and among them, methyl, ethyl, propyl, isopropyl, 
n-butyl, isobutyl, tert-butyl, cyclopentyl, cyclohexyl, no- 
rbornyl, 1-ethylcyclopentyl and 1-ethylcyclohexyl are pref- 
erable. 

Regarding W 1 , the (k+2)-valent hydrocarbon group hav- 
ing 1 to 10 carbon atoms is a linear, branched or cyclic 



divalent hydrocarbon group having 1 to 10 carbon atoms when 
k represents 0, and examples thereof include' methylene , di- 
methylmethylene, ethylidene, propylidene, butylidene, eth- 
ylene , 1-methylethylene , 2-methylethylene , 1-ethylethylene , 
5 2-ethylethylene, 1, 1-dimethylethylene, 1 , 2-dimethylethylene, 
2 , 2-dimethylethylene, l-ethyl-2-methylethylene , trimethyl- 
ene , 1-methyltrimethylene , 2-methyltrimethylene , 3- 
methyltrimethylene, tetramethylene , pentamethylene , 1,1- 
cyclopentylene, 1 , 2-cyclopentylene, 1 , 3-cyclopentylene, 

10 1 , 1-cyclohexylene , 1 , 2-cyclohexylene , 1 , 3-cyclohexylene , 
1,4-cyclohexylene and the like. Among them, methylene, 
ethylidene , ethylene , 1-methylethylene , 2-methylethylene , 
trimethylene and 2-methyltrimethylene are preferable. When 
k is 1, those having a connecting means formed by removing 

15 one hydrogen atom at any position on the hydrocarbon group 
as described above when k represents 0, are listed. Most 
preferably, w 1 represents a single bond. 

Z represents a divalent hydrocarbon group having 2 to 
15 carbon atoms, and forms a single ring or a cross-linked 

20 ring together with carbon atoms to be bonded. For example, 
1-alkylcycloalkyl groups of the following general formula 
[13]: 
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(wherein, the chain line represents a connecting means. R 6 
is as define above. R 32 to R 37 each independently repre- 
sents a hydrogen atom, or a linear, branched or cyclic al- 
kyl group having 1 to 10 carbon atoms. b represents an in- 
teger of 0 or 1 to 6, and when b represents 2 to 6, a plu- 
rality of R 34 and R 35 may the same or different, respec- 
tively.), 2-alkylnorbornyl groups of the following general 
formula [14]: 



R 



.47 



>46 



V 



v / 
C — R 



,45 



i41 



R 3S — C 
R 39 



[14] 



.C~R 
R 43 



,44 



R 



42 



(wherein, the chain line represents a connecting means. R 6 
is as define above. R 38 to R 47 each independently repre- 
sents a hydrogen atom, or a linear, branched or cyclic al- 
kyl group having 1 to 10 carbon atoms.), and' 2-alkyl-2- 
adamantyl groups such as 2-methyl-2-adamantyl, 2-ethyl-2- 
adamantyl and the like, are listed. Specific examples of 
the general formula [13] include 1-methylcyclopropyl, 1- 
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methylcyclobutyl, 1-ethylcyclobutyl , 1-methylcyclopentyl , 
1-ethylcyclopentyl, 1-n-propylcyclopentyl , 1-iso- 
propylcyclopentyl, 1-tert-butylcyclopentyl , 1-cyclopentyl- 
cyclopentyl, 1-cyclohexylcyclopentyl , 1-norbornylcyclo- 
pentyl, 1-methylcyclohexyl, 1-ethylcyclohexyl, 1-methyl- 
cyclohexyl, 1-ethylcyclohexyl, 1-methylcycloheptyl , 1- 
ethylcycloheptyl, 1-methylcyclooctyl , 1-methylcyclononyl 
and the like, and among them, 1-alkylcyclopentyls of the 
chemical formula [15]: 




[15-1] 



JO GO 



[15-2] 



[15-3] 
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[15-7] 



[16-8] 



such as 1-methylcyclopentyl, 1-ethylcyclopentyl, l-n- 
propylcyclopentyl, 1-iso-propylcyclopentyl, 1-tert- 
butylcyclopentyl, 1-cyclopentylcyclopentyl, 1-cyclohexyl- 
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cyclopentyl, 1-norbornylcyclopentyl and the like are pref- 
erable, and 1-methylcyclopentyl [15-1] and 1-ethyl- 
cyclopentyl [15-2] are more preferable. As the specific 
example of the general formula [14], 2-alkylnorbornyl 
groups of the chemical formula [16]: 




1161] 



[16-2] 




[16-3} 



[16-4] 




[16-6] 





[16-7] 




[16-8] 




[16-9] 




[16- 10] 




[1611] 



are listed, and among them, groups [16-1], [16-2], [16-3] 
and [16-4] are preferable. 



Regarding the other groups of R 1 to R 4 , a hydrogen 
atom, linear, branched or cyclic alkyl groups having 1 to 
2 0 carbon atoms such as methyl, ethyl, propyl, isopropyl, 
n-butyl, tert-butyl, cyclohexyl, menthyl and the like, 
halogens such as a chlorine atom, bromine, atom, iodine atom, 
fluorine atom and the like, linear, branched or cyclic 
halogenated alkyl groups having 1 to 20 carbon atoms such 
as f luoromethyl, chloromethyl , bromomethyl, dif luoromethyl , 
dichloromethyl, dibromomethyl , trif luoromethyl, trichloro- 
methyl, tribromomethyl and the like, linear, branched or 
cyclic alkoxy groups having 1 to 12 carbon atoms such as 
methoxy, ethoxy, isopropoxy, n-butoxy, tert-butoxy, 
menthoxy and the like, linear, branched or cyclic alkoxyal- 
kyl groups having 2 to 20 carbon atoms such as methoxy- 
methyl, methoxyethyl , tert-butoxymethyl, tert-butoxyethyl , 
menthoxymenthol and the like, or containing alkoxy saccha- 
rides such as methylglucose and the like, linear, branched 
or cyclic alkylcarbonyloxy groups having 2 to 20 carbon at- 
oms such as acetoxy and the like, arylcarbonyloxy groups 
having 6 to 20 carbon atoms such as naphthoyloxy and the 
like, alkylsulfonyloxy groups having 1 to 20 carbon atoms 
such as mesyloxy and the like, arylsulf onyloxy groups hav- 
ing 6 to 2 0 carbon atoms such as tosyloxy and the like, 
linear, branched or cyclic alkoxycarbonyl groups having 2 
to 20 carbon atoms such as methoxycarbonyl , ethoxycarbonyl, 
n-propoxycarbonyl, isopropoxycarbonyl , n-butoxycarbonyl , 
tert-butoxycarbonyl, cyclohexyloxycarbonyl and the like, 



linear, branched or cyclic alkoxycarbonylalkyl groups hav- 
ing 3 to 2 0 carbon atoms such as methoxycarbonylmethyl , 2- 
(methoxycarbonyl) ethyl, 1- (methoxycarbonyl ) ethyl , ethoxy- 
carbonylmethyl, 2- ( ethoxycarbonyl ) ethyl , n-propoxycarbonyl- 
methyl, isopropoxycarbonylmethyl , n-butoxycarbonylmethyl , 
tert-butoxycarbonylmethyl, cyclohexyloxycarbonylmethyl and 
the like, are each independently listed as specific exam- 
ples thereof. Among them, a hydrogen atom, linear, 
branched or cyclic alkyl groups having 1 to 2 0 carbon atoms, 
linear, branched or cyclic alkoxy groups having 1 to 2 0 
carbon atoms, linear, branched or cyclic alkoxyalkyl groups 
having 2 to 2 0 carbon atoms, linear, branched or cyclic 
alkoxycarbonyl groups having 2 to 20 carbon atoms and lin- 
ear, branched or cyclic alkoxycarbonylalkyl groups having 3 
to 20 carbon atoms are preferable, and a hydrogen atom, 
linear or branched alkyl groups having 1 to 10 carbon atoms, 
linear or branched alkoxycarbonyl groups having 2 to 10 
carbon atoms and linear or branched alkoxycarbonylalkyl 
groups having 3 to 10 carbon are more preferable. 

X 1 represents -0- or -CR 7 2 - (wherein, R 7 represents a 
hydrogen atom or a linear or branched alkyl group having 1 
to 10 carbon atoms.), and when j represents 1 to 3, X 1 s may 
be the same or different. Specific examples of R 7 include 
a hydrogen atom, and linear or branched alkyl groups having 
1 to 10 carbon atoms such as methyl, ethyl, n-propyl, iso- 
propyl, n-butyl, tert-butyl and the like. X 1 represents 
preferably -0- or -CH 2 -, and more preferably, all of X x s 



are either -O- or _CH 2 -* j represents preferably 0 or 1 
Namely, as the specific examples of the general for 
mula [1], structural units [A] of the following chemical 
formula [ 17 ] : 
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In the general formula [3], specific examples of R to 
R 11 each independently include a hydrogen atom, and linear, 
branched or cyclic alkyl groups having 1 to 10 carbon atoms 
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, tert- 
5 butyl, cyclohexyl, menthyl and the like. X 2 represents -O- 
or -CR 12 2- (wherein, R 12 represents a hydrogen atom or a 
linear or branched alkyl group having 1 to 10 carbon at- 
oms* ), and when m represents 1 to 3, X 2 s may be the same or 
different. Specific examples of R include a hydrogen 

10 atom, and linear or branched alkyl groups having 1 to 10 

carbon atoms such as methyl, ethyl, n-propyl, isopropyl, n- 
butyl, tert-butyl and the like. X 2 represents preferably - 
O- or -CH 2 -, and more preferably, all of X 2 s are either -O- 
or -CH 2 -. m represents preferably 0 or 1 . 

15 Namely, as the specific examples of the general for- 

mula [3], structural units [B] of the following chemical 
formula [ 18 ] : 
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are listed. 

In the general formula [4], specific examples of R 13 
to R 16 each independently include a hydrogen atom, and lin- 
ear, branched or cyclic alkyl groups having 1 to 10 carbon 
atoms such as methyl, ethyl, n-propyl, isopropyl, n-butyl, 



tert-butyl, cyclohexyl, menthyl and the like. 



repre- 



-24- 




sents -O- or -CR 17 2 - (wherein, R 17 represents a hydrogen 
atom or a linear or branched alkyl group having 1 to 10 
carbon atoms.), and when m represents 1 to 3, X 3 s may be 
the same or different. Specific examples of R 17 include a 
5 hydrogen atom, and linear or branched alkyl groups having 1 
to 10 carbon atoms such as methyl, ethyl, n-propyl, isopro- 
pyl, n-butyl, tert-butyl and the like. X 3 represents pref- 
erably -O- or -CH 2 -, and more preferably, all of X 3 s are 
either -O- or -CH 2 - . One of Y 1 and Y 2 represents -(C=0)- 
10 and the other of Y 1 and Y 2 represents -CR 18 2 - (wherein, R 18 
represents a hydrogen atom or a linear or branched alkyl 
group having 1 to 10 carbon atoms.). Specific examples of 

1 8 

R include a hydrogen atom, and linear or branched alkyl 
groups having 1 to 10 carbon atoms such as methyl, ethyl, 
15 n-propyl, isopropyl, n-butyl, tert-butyl and the like. One 

1.2 

of Y and Y preferably represents -(C=0)- and the other of 

1 2 

Y and Y represents -CH 2 -- n represents preferably an in- 
teger of 0 or 1 . 

Namely, as the specific examples of the general for- 
20 mula [4], structural units [C] of the following chemical 
formula [ 19 ] : 
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are listed. 

The hydrogenated ring-opening metathesis polymer of 
the present invention is a hydrogenated ring-opening me- 
tathesis polymer in which at least one of X 1 in the struc- 
tural unit [A] of the general formula [1], x 2 in the struc- 
tural unit [B] of the general formula [3] and X 3 in the 
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structural unit [C] of the general formula [4] represents 
0-, and by such presence of an oxygen atom in the main 
chain, alicyclic compound, adhesion to and wet tension in 
development with an alkali aqueous solution on a treating 
5 substrate such as a silicon substrate are improved, and 

solubility in polar organic solvents such as ketones, alco 
hols and the like used in a process of applying a resist 
agent onto a silicon wafer is further improved, and affin- 
ity to water is also improved and developing property with 
10 a releasing agent (or developer) such as an alkali aqueous 
solution and the like after exposure is also improved. 
Preferable is a hydrogenated ring-opening metathesis poly- 
mer in which at least one of X 1 in the structural unit [A] 
of the general formula [1], x 2 in the structural unit [B] 
15 of the general formula [3] and x 3 in the structural unit 
[C] of the general formula [4] represents -0- and the oth- 
ers represent -CH 2 -. The molar amount of a -O- unit based 
on the total of unit molar amounts of x 1 , x 2 and X 3 is 0.01 
to 0.99, preferably 0.02 to 0.95, more preferably 0.05 to 
20 0.80, most preferably 0.10 to 0.70. 

in the present invention, the molar ratio of the 
structural unit [A] of the general formula [ 1 ] to the 
structural unit [B] of the general formula [3] and/or the 
structural unit [C] of the general formula [4] ([A]/([B] 
25 and [C])) is 0/100 to 99/1, preferably 20/80 to 99/1. it 
is essential that at least the structural unit [B] and/or 
[C] is present at certain amount. Here, the structural 
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unit [A] contains a tertiary ester group of a cyclic alkyl 
of the general formula [2], namely a group which is decom- 
posed with the action of an acid generated from a sensi- 
tizer in exposure, to produce a carboxylic acid, and the 
unit [A] is necessary for making a resist pattern by devel- 
oping with an alkali aqueous solution after exposure. Fur- 
ther, the structural unit [B] and/or [C] is necessary for 
manifesting adhesion with a treating substrate such as a 
silicon substrate. When the molar ratio [A]/([B] and [C]) 
is less than 20/80, development may be insufficient. When 
over 99/1, adhesion with a treating substrate is not mani- 
fested. More preferably, the molar ratio [A]/([B] and [C]) 
is 20/80 to 95/5, particularly preferably 25/75 to 90/10, 
most preferably 30/70 to 85/15. The molar ratio of these 
structural units within this range is suitable for prepar- 
ing a resist composition, and is extremely important for a 
resist material which is dissolved in a polar solvent such 
as 2-heptanone and the like, for example, together with a 
sensitizer having high polarity, and applied on a treating 
substrate such as a silicon substrate. Namely, a uniform 
and smooth coating film can be formed by enhancing solubil- 
ity or dissolution speed in a polar solvent with the aid of 
a hydrogenated ring-opening metathesis polymer, in prepar- 
ing a resist composition. 

In the hydrogenated ring-opening metathesis polymer 
of the present invention, at least one of the structural 
units [B] and [C] is necessary, and ternary copolymer con- 




stituted of the structural units [B] and [C] in addition to 
the structural unit [A] may be permissible, and preferable 
is a binary copolymer constituted only one of the struc- 
tural units [B] and [C] in addition to the structural unit 



In the hydrogenated ring-opening metathesis polymer 
of the present invention, the ratio of the weight-average 
molecular weight Mw to the number-average molecular weight 
Mn (Mw/Mn) is restricted within a narrow molecular weight 

10 distribution from 1.0 to 2.0. The molecular weight distri- 
bution significantly affects the resolution when used as a 
resist material, and a pattern of higher resolution can be 
obtained when the molecular weight distribution is narrower. 
The molecular weight distribution is preferably from 1.0 to 

15 1.8, more preferably from 1.0 to 1.6. The hydrogenated 
ring-opening metathesis polymer of the present invention 
usually has a number-average molecular weight Mn from 500 
to 200,000, preferably from 1,000 to 100,000, more prefera- 
bly from 3,000 to 50,000. The number-average molecular 

20 weight and the weight-average molecular weight described in 
the instant specification were measured by gel permeation 
chromatography (GPC) in terms of polystyrene. 

Further, these hydrogenated ring-opening metathesis 
polymers may be composed of each one structural unit of [A], 

25 [B] and/or [C], or two or more structural units of any of 
or all of [A], [B] and/or [C]. There are exemplified hy- 
drogenated ring-opening metathesis polymers in which the 
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structural unit [A] is composed of structural units [A-l] 
and [A-2] of the following general formulae [1-1] and [1-2], 
respectively, 




[1-1] 



(wherein, at least one of R 48 to R 51 represents a func- 
tional group having a tertiary ester group of a cyclic al- 
kyl of the general formula [2], and the remaining groups of 
R 48 to R 51 are selected each independently from a hydrogen 
atom, linear, branched or cyclic alkyl groups having 1 to 
2 0 carbon atoms, halogens, linear, branched or cyclic halo- 
genated alkyl groups having 1 to 20 carbon atoms, linear, 
branched or cyclic alkoxy groups having 1 to 20 carbon at- 
oms, linear, branched or cyclic alkoxyalkyl groups having 2 
to 20 carbon atoms, linear, branched or cyclic alkylcarbon- 
yloxy groups having 2 to 20 carbon atoms, arylcarbonyloxy 
groups having 6 to 2 0 carbon atoms, linear, branched or cy- 
clic alkylsulfonyloxy groups having 1 to 20 carbon atoms, 
arylsulfonyloxy groups having 6 to 20 carbon atoms, linear, 
branched or cyclic alkoxycarbonyl groups having 2 to 20 
carbon atoms, or linear, branched or cyclic alkoxycarbon- 
ylalkyl groups having 3 to 20 carbon atoms, and j repre- 



sents an integer of 0 or 1 to 3 . ) 
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[1-2] 



(wherein, at least one of R 52 to R 55 represents a func- 
tional group having a tertiary ester group of a cyclic al- 
5 kyl of the general formula [2], and the remaining groups of 

52 55 

R to R are selected each independently from a hydrogen 
atom, linear, branched or cyclic alkyl groups having 1 to 
20 carbon atoms, halogens, linear, branched or cyclic halo- 
genated alkyl groups having 1 to 20 carbon atoms, linear, 
10 branched or cyclic alkoxy groups having 1 to 20 carbon at- 
oms, linear, branched or cyclic alkoxyalkyl groups having 2 
to 20 carbon atoms, linear, branched or cyclic alkylcarbon- 
yloxy groups having 2 to 20 carbon atoms, arylcarbonyloxy 
groups having 6 to 20 carbon atoms, linear, branched or cy- 
clic alkylsulfonyloxy groups having 1 to 20 carbon atoms, 
arylsulfonyloxy groups having 6 to 20 carbon atoms, linear, 
branched or cyclic alkoxycarbonyl groups having 2 to 20 
carbon atoms, or linear, branched or cyclic alkoxycarbon- 
ylalkyl groups having 3 to 2 0 carbon atoms, and j 2 repre- 
sents an integer of 0 or 1 to 3.), the structural unit [B] 
is composed of structural units [B-l] and [B-2] of the fol- 
lowing general formulae [3-1] and [3-2], respectively, 
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(wherein, R 56 to R 59 each independently represent a hydro- 
gen atom or a linear, branched or cyclic alkyl group having 
1 to 10 carbon atoms, and m 2 represents an integer of 0 or 
1 to 3 . ) 




[3-2] 



(wherein, R 60 to R 63 each independently represent a hydro- 
gen atom or a linear, branched or cyclic alkyl group having 
1 to 10 carbon atoms, and m 2 represents an integer of 0 or 
1 to 3.), and/or, the structural unit [C] is composed of 
structural units [C-l] and [C-2] of the following general 
formulae [4-1] and [4-2], respectively, 




[4-1] 
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(wherein, R 64 to R 67 each independently represent a hydro- 
gen atom or a linear, branched or cyclic alkyl group having 
1 to 10 carbon atoms, one of Y 3 and Y 4 represents -(C=0)- 
and the other of Y 3 and Y 4 represents -CH 2 -, and n 1 repre- 
sents an integer of 0 or 1 to 3 . ) 




[4-2] 



(wherein, R 68 to R 71 each independently represent a hydro- 
gen atom or a linear, branched or cyclic alkyl group having 
1 to 10 carbon atoms, one of Y 5 and Y 6 represents -(C=0)- 
and the other of Y 5 and Y 6 represents -CH 2 -, and n 2 repre- 
sents an integer of 0 or 1 to 3 . ) . 

It is preferable that the hydrogenated ring-opening 
metathesis copolymer of the present invention has a struc- 
tural unit [D] of the general formula [5] further as a 
structural unit in addition to the structural units [A] and 
[B] and/or [B], for further improving adhesion to a sub- 
strate and affinity to a developer. 

In the general formula [5] in the present invention, 
at least one of R 19 to R 22 represents a functional group 
having a carboxyl group of the general formula [6] (wherein, 
the chain line represents a connecting means. R 23 repre- 
sents a hydrogen atom, a linear, branched or cyclic alkyl 
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group having 1 to 10 carbon atoms, a linear, branched or 
cyclic alkoxyalkyl group having 2 to 10 carbon atoms, or a 
linear, branched or cyclic acyl group having 1 to 10 carbon 
atoms • W 2 represents a single bond or a (k+2)-valent hy- 
drocarbon group having 1 to 10 carbon atoms. q represents 
0 or 1 . ) 

Regarding R , examples of the linear, branched or cy- 
clic alkyl group having 1 to 10 carbon atoms include methyl, 
ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl, 
cyclopentyl, cyclohexyl, 1-ethylcyclopentyl , 1- 
ethylcyclohexyl and the like, examples of the linear, 
branched or cyclic alkoxyalkyl group having 2 to 10 carbon 
atoms include methoxymethyl , 1-ethoxyethyl , 1-tert- 
butoxyethyl , 1-cyclohexyloxyethyl , 1-ethoxypropyl , 1- 
ethoxy- 1-methy lethyl , tetrahydrof uran-2 -y 1 , tetrahydro- 
pyran-2-yl and the like, and examples of the linear, 
branched or cyclic acyl group having 1 to 10 carbon atoms 
include formyl, acetyl, pivaloyl, cyclohexylcarbonyl and 
the like. Among these groups R 23 , linear or -branched alkyl 
groups having 1 to 6 carbon atoms, linear, branched or cy- 
clic alkoxyalkyl groups having 2 to 7 carbon atoms and lin- 
ear or branched acyl groups having 2 to 7 carbon atoms are 
preferable, and particularly, a hydrogen atom, methyl, 
ethyl, methoxymethyl, 1-ethoxyethyl, tetrahydrof uran-2-yl 
and acetyl are preferable. 

Regarding W 2 , the (q+2)-valent hydrocarbon group hav- 
ing 1 to 10 carbon atoms is a linear, branched or cyclic 
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divalent hydrocarbon group having 1 to 10 carbon atoms when 
q represents 0, and examples thereof include methylene, di- 
methylmethylene, ethylidene, propylidene, butylidene, eth- 
ylene, 1-methylethylene, 2-methylethylene, 1-ethylethylene , 
2-ethylethylene, 1 , 1-dimethylethylene , 1 , 2-dimethylethylene, 
2,2-dimethylethylene, l-ethyl-2-methylethylene , trimethyl- 
ene, 1-methyltrimethylene, 2-methyltrimethylene , 3- 
methyltrimethylene, tetramethylene, pentamethylene, 1,1- 
cyclopentylene, 1 , 2-cyclopentylene, 1 , 3-cyclopentylene, 
1, 1-cyclohexylene, 1 , 2-cyclohexylene , 1 , 3-cyclohexylene , 
1,4-cyclohexylene and the like. Among them, methylene, 
ethylidene, ethylene, 1-methylethylene, 2-methylethylene, 
trimethylene and 2-methyltrimethylene are preferable. when 
k is 1, those having a connecting means formed by removing 
one hydrogen atom at any position on the hydrocarbon group 
as described above when k represents 0, are listed. Most 
preferably, w 2 represents a single bond. 

Regarding the other groups of R 19 to R 22 , a hydrogen 
atom, linear, branched or cyclic alkyl groups having 1 to 
2 0 carbon atoms such as methyl, ethyl, propyl, isopropyl, 
n-butyl, tert-butyl, cyclohexyl, menthyl and the like, 
halogens such as a chlorine atom, bromine atom, iodine atom, 
fluorine atom and the like, linear, branched or cyclic 
halogenated alkyl groups having 1 to 20 carbon atoms such 
as f luoromethyl, chloromethyl, bromomethyl, dif luoromethyl, 
dichloromethyl, dibromomethyl , trif luoromethyl, trichloro- 
methyl, tribromomethyl and the like, linear, branched or 
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cyclic alkoxy groups having 1 to 12 carbon atoms such as 
methoxy, ethoxy, isopropoxy, n-butoxy, tert-butoxy, 
menthoxy and the like, linear, branched or cyclic alkoxyal- 
kyl groups having 2 to 2 0 carbon atoms such as methoxy- 
methyl , methoxyethy 1 , tert-butoxymethy 1 , tert-butoxyethy 1 , 
menthoxymenthol and the like, or containing alkoxy saccha- 
rides such as methylglucose and the like, linear, branched 
or cyclic alkylcarbonyloxy groups having 2 to 20 carbon at- 
oms such as acetoxy and the like, arylcarbonyloxy groups 
having 6 to 2 0 carbon atoms such as naphthoyloxy and the 
like, alkylsulfonyloxy groups having 1 to 2 0 carbon atoms 
such as mesyloxy and the like, arylsulf onyloxy groups hav- 
ing 6 to 20 carbon atoms such as tosyloxy and the like, 
linear, branched or cyclic alkoxycarbonyl groups having 2 
to 20 carbon atoms such as methoxycarbonyl , ethoxycarbonyl , 
n-propoxycarbonyl , isopropoxycarbonyl , n-butoxycarbonyl , 
tert-butoxycarbonyl, cyclohexyloxycarbonyl and the like, 
linear, branched or cyclic alkoxycarbonylalkyl groups hav- 
ing 3 to 2 0 carbon atoms such as methoxycarbonylmethyl , 2- 
( methoxycarbonyl ) ethyl , 1- (methoxycarbonyl ) ethyl , ethoxy- 
carbonylmethyl , 2- ( ethoxycarbonyl ) ethyl , n- 
propoxycarbonylmethyl , isopropoxycarbonylmethyl , n- 
butoxycarbonylmethyl , tert-butoxycarbonylmethyl , cyclohexy- 
loxycarbonylmethyl and the like, are each independently 
listed as specific examples thereof. Among them, a hydro- 
gen atom, linear, branched or cyclic alkyl groups having 1 
to 20 carbon atoms, linear, branched or cyclic alkoxy 



groups having 1 to 20 carbon atoms, linear, branched or cy- 
clic alkoxyalkyl groups having 2 to 20 carbon atoms, linear, 
branched or cyclic alkoxycarbonyl groups having 2 to 20 
carbon atoms and linear, branched or cyclic alkoxycarbon- 
5 ylalkyl groups having 3 to 2 0 carbon atoms are preferable, 
and a hydrogen atom, linear or branched alkyl groups having 
1 to 10 carbon atoms, linear or branched alkoxycarbonyl 
groups having 2 to 10 carbon atoms and linear or branched 
alkoxycarbonylalkyl groups having 3 to 10 carbon are more 
10 preferable. 

X 4 represents -O- or -CR 23 2 - (wherein, R 23 represents 
a hydrogen atom or a linear or branched alkyl group having 
1 to 10 carbon atoms.), and when p represents 1 to 3, x 4 s 
may be the same or different. Specific examples of R 23 in- 
clude a hydrogen atom, and linear or branched alkyl groups 
having 1 to 10 carbon atoms such as methyl, ethyl, n-propyl, 
isopropyl, n-butyl, tert-butyl and the like. x 4 represents 
preferably -O- or -CH 2 -, and more preferably, all of X 4 s 
are either -O- or -CH 2 -. p represents preferably 0 or 1 . 

Namely, as the specific examples of the general for- 
mula [5], structural units [D] of the following chemical 
formula [20]: 
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In preferable embodiments of the present invention, 
the molar ratio of the structural unit [A] of the general 
formula [1], the structural unit [B] of the general formula 
[3] and the structural unit [C] of the general formula [4] 
to the structural unit [D] of the general formula [5] 
<[A]+[B]+[C])/[D] is from 100/0 to 20/80, and it is prefer- 
able that the structural unit [D] is present in certain 
amount in addition to the structural units [A], [B] and [C]. 
Here, the structural unit [D] enhances extremely adhesion 
to a treating substrate such as a silicon substrate, and 
further improve affinity to a developer. The molar ratio 
( [A]+[B]+[C] )/[D] is preferably from 98/2 to 50/50, further 
preferably from 97/3 to 60/40, most preferably from 95/5 to 
70/30. 

The hydrogenated ring-opening metathesis copolymer of 
the present invention has a structural unit [E] of the gen- 
eral formula [7] further as a structural unit in addition 
to the structural units [A] and [B] and/or [B], preferably 
further in addition to [D]. 
20 m the general formula [7], at least one of R 24 to R 27 

represents a functional group having a carboxylate group of 
the general formula [8] (wherein, the chain line represents 
a connecting means. R 28 represents a hydrogen atom, a lin- 
ear, branched or cyclic alkyl group having 1 to 10 carbon 
atoms, a linear, branched or cyclic alkoxyalkyl group hav- 
ing 2 to 10 carbon atoms, or a linear, branched or cyclic 
acyl group having 1 to 10 carbon atoms. R 29 represents a 
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linear or branched alkyl group having 1 to 10 carbon atoms, 
a linear, branched or cyclic alkoxyalkyl group having 2 to 
10 carbon atoms, or a linear, branched or cyclic halo- 
genated alkyl group having 1 to 2 0 carbon atoms. ^ rep re- 
5 sents a single bond or a (k + 2)-valent hydrocarbon group 
having 1 to 10 carbon atoms. s represents 0 or 1 . ) 

Regarding r», examples of the linear, branched or cy- 
clic alkyl group having 1 to 10 carbon atoms include methyl, 
ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl, 
10 cyclopentyl, cyclohexyl, 1-ethylcyclopentyl, 1- 

ethylcyclohexyl and- the like, examples of the linear, 
branched or cyclic alkoxyalkyl group having 2 to 10 carbon 
atoms include methoxymethyl , 1-ethoxyethyl , 1-tert- 
butoxyethyl, 1-cyclohexyloxyethyl , 1-ethoxypropyl , 1- 
15 ethoxy-l-methylethyl, tetrahydrof uran-2-yl, tetrahydro- 
pyran-2-yl and the like, and examples of the linear, 
branched or cyclic acyl group having 1 to 10 carbon atoms 
include formyl, acetyl, pivaloyl, cyclohexylcarbonyl and 
the like. Of these groups r« linear Qr branched alky± 
>0 groups having 1 to 6 carbon atoms, linear, branched or cy- 
clic alkoxyalkyl groups having 2 to 7 carbon atoms and lin- 
ear or branched acyl groups having 2 to 7 carbon atoms are 
preferable, and particularly, a hydrogen atom, methyl, 
ethyl, methoxymethyl, 1-ethoxyethyl, tetrahydrof uran-2-yl 
and acetyl are preferable. 

Regarding r", examples of the linear, branched or cy- 
clic alkyl group having 1 to 10 carbon atoms include methyl, 
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ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl and 
the like, examples of the linear, branched or cyclic 
alkoxyalkyl group having 2 to 10 carbon atoms include meth- 
oxymethyl, 1-ethoxyethyl , 1-tert-butoxyethyl , 1- 
5 cyclohexyloxyethyl, 1-ethoxypropyl , 1-ethoxy-l-methylethyl , 
tetrahydrofuran-2-yl, tetrahydropyran-2-yl and the like, 
and examples of the linear, branched or cyclic halogenated 
alkyl group having 1 to 20 carbon atoms include fluoro- 
methyl, chloromethyl , bromomethyl, dif luoromethyl , di- 
10 chloromethyl, dibromomethyl , trif luoromethyl, trichloro- 
methyl, tribromomethyl and the like. Of these groups R 29 , 
linear or branched alkyl groups having 1 to 10 carbon atoms 
are preferable, and particularly, methyl, ethyl, propyl, 
isopropyl, n-butyl, isobutyl and tert-butyl are preferable. 
15 Regarding w 3 , the (s+2)-valent hydrocarbon group hav- 

ing 1 to 10 carbon atoms is a linear, branched or cyclic 
divalent hydrocarbon group having 1 to 10 carbon atoms when 
s represents 0, and examples thereof include methylene, di- 
methylmethylene, ethylidene, propylidene, butylidene, eth- 
20 ylene, 1-methylethylene, 2-methylethylene, 1-ethylethylene, 
2-ethylethylene, 1 , 1-dimethylethylene, 1 , 2-dimethylethylene, 
2,2-dimethylethylene, l-ethyl-2-methylethylene, trimethyl- 
ene, 1-methyltrimethylene, 2-methyltrimethylene, 3- 
methyltrimethylene, tetramethylene, pentamethylene, 1,1- 
25 cyclopentylene, 1 , 2-cyclopentylene, 1 , 3-cyclopentylene , 
l,i-cyclohexylene, 1 , 2-cyclohexylene, 1 , 3-cyclohexylene, 
1,4-cyclohexylene and the like. Among them, ' methylene, 
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ethylidene , ethylene , 1-methylethylene , 2-methylethylene , 
trimethylene and 2-methyltrimethylene are preferable. When 
s is 1, those having a connecting means formed by removing 
one hydrogen atom at any position on the hydrocarbon group 
as described above when s represents 0, are listed. Most 
preferably, W 3 represents a single bond. 

Regarding the other groups of R 24 to R 27 , a hydrogen 
atom, linear, branched or cyclic alkyl groups having 1 to 
20 carbon atoms such as methyl, ethyl, propyl, isopropyl, 
n-butyl, tert-butyl, cyclohexyl, menthyl and the like, 
halogens such as a chlorine atom, bromine atom, iodine atom 
fluorine atom and the like, linear, branched or cyclic 
halogenated alkyl groups having 1 to 2 0 carbon atoms such 
as f luoromethyl, chloromethyl , bromomethyl, dif luoromethyl , 
dichloromethyl , dibromomethyl , trif luoromethyl , trichloro- 
methyl, tribromomethyl and the like, linear, branched or 
cyclic alkoxy groups having 1 to 12 carbon atoms such as 
methoxy, ethoxy, isopropoxy, n-butoxy, tert-butoxy, 
menthoxy and the like, linear, branched or cyclic alkoxyal- 
kyl groups having 2 to 20 carbon atoms such as methoxy- 
methy 1 , methoxyethy 1 , tert-butoxymethy 1 , tert-butoxyethy 1 , 
menthoxymenthol and the like, or containing alkoxy saccha- 
rides such as methylglucose and the like, linear, branched 
or cyclic alkylcarbonyloxy groups having 2 to 2 0 carbon at- 
oms such as acetoxy and the like, arylcarbonyloxy groups 
having 6 to 20 carbon atoms such as naphthoyloxy and the 
like, alkylsulfonyloxy groups having 1 to 2 0 carbon atoms 
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such as mesyloxy and the like, arylsulf onyloxy groups hav- 
ing 6 to 20 carbon atoms such as tosyloxy and the like, 
linear, branched or cyclic alkoxycarbonyl groups having 2 
to 20 carbon atoms such as methoxycarbonyl , ethoxycarbonyl, 
n-propoxycarbonyl, isopropoxycarbonyl , n-butoxycarbonyl, 
tert-butoxycarbonyl, cyclohexyloxycarbonyl and the like, 
linear, branched or cyclic alkoxycarbonylalkyl groups hav- 
ing 3 to 20 carbon atoms such as methoxycarbonylmethyl, 2- 
( methoxycarbonyl) ethyl, 1- (methoxycarbonyl ) ethyl , ethoxy- 
carbonylmethyl, 2- (ethoxycarbonyl) ethyl, n- 
propoxycarbonylmethyl, isopropoxycarbonylmethyl , n- 
butoxycarbonylmethyl, tert-butoxycarbonylmethyl, cyclohexy- 
loxycarbonylmethyl and the like, are each independently 
listed as specific examples thereof. Among them, a hydro- 
gen atom, linear, branched or cyclic alkyl groups having 1 
to 20 carbon atoms, linear, branched or cyclic alkoxy 
groups having 1 to 20 carbon atoms, linear, branched or cy- 
clic alkoxyalkyl groups having 2 to 20 carbon atoms, linear, 
branched or cyclic alkoxycarbonyl groups having 2 to 20 
carbon atoms and linear, branched or cyclic alkoxycarbon- 
ylalkyl groups having 3 to 20 carbon atoms are preferable, 
and a hydrogen atom, linear or branched alkyl groups having 
1 to 10 carbon atoms, linear or branched alkoxycarbonyl 
groups having 2 to 10 carbon atoms and linear or branched 
alkoxycarbonylalkyl groups having 3 to 10 carbon are more 
preferable. 

X 5 represents -O- or -CR 30 2 - (wherein, R 30 represents 
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a hydrogen atom or a linear or branched alkyl group having 
1 to 10 carbon atoms.)/ and when r represents 1 to 3, X 5 s 
may be the same or different. Specific examples of R 30 in- 
clude a hydrogen atom, and linear or branched alkyl groups 
5 having 1 to 10 carbon atoms such as methyl, ethyl, n-propyl, 
isopropyl, n-butyl, tert-butyl and the like. X 5 represents 
preferably -O- or -CH 2 -, and more preferably, all of X 5 s 
are either -o- or -CH 2 -. r represents preferably 0 or 1 . 
Namely, as the specific examples of the general for- 
10 mula [7], structural units [E] of the following chemical 
formula [21]: 
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The hydrogenated ring-opening metathesis copolymer of 
the present invention may further has a structural unit [F] 
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of the following general formula [22] as a structural unit 
in addition to the structural units [A] and [B] and/or [B], 
preferably in addition to the structural unit [D], and fur- 
ther in addition to the structural unit [E] in some cases: 




[22] 



[wherein, R 72 to R 75 are selected each independently from a 
hydrogen atom, linear, branched or cyclic alkyl groups hav- 
ing 1 to 20 carbon atoms, halogens, linear, branched or cy- 
clic halogenated alkyl groups having 1 to 20 carbon atoms, 
linear, branched or cyclic alkoxy groups having 1 to 20 
carbon atoms, linear, branched or cyclic alkoxyalkyl groups 
having 2 to 2 0 carbon atoms, hydroxy group, linear, 
branched or cyclic hydroxyalkyl group having 2 to 20 carbon 
atoms, cyano group, linear, branched or cyclic cyanoalkyl 
group having 2 to 20 carbon atoms, linear, branched or cy- 
clic alkylcarbonyloxy groups having 2 to 20 carbon atoms, 
linear, branched or cyclic alkylcarbonyloxyalkyl groups 
having 3 to 2 0 carbon atoms, arylcarbonyloxy groups having 
6 to 20 carbon atoms, linear, branched or cyclic alkylsul- 
fonyloxy groups having 1 to 20 carbon atoms, linear, 
branched or cyclic alkylsulfonyloxyalkyl groups having 2 to 
2 0 carbon atoms, or arylsulf onyloxy groups having 6 to 2 0 
carbon atoms, and X 6 s may be the same or different and rep- 
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resent -O- or -CR 76 2 - (wherein, R 76 represents a hydrogen 
atom or a linear or branched alkyl group having 1 to 10 
carbon atoms.)- v represents an integer of 0 or 1 to 3 .] . 
The hydrogenated ring-opening metathesis copolymer of 
5 the present invention is obtained by polymerizing cyclic 
olefin monomers corresponding respectively to the struc- 
tural unit [A] of the general formula [1], the structural 
unit [B] of the general formula [3] and/or the structural 
unit [C] of the general formula [4], and if necessary the 
£ 10 structural unit [E] of the general formula [7], and further 

□ if necessary the structural unit [F] of the general formula 

[22] by using a ring-opening metathesis catalyst, and hy- 
drogenating the resulted polymer in the presence of a hy- 
drogenation catalyst. 

The cyclic olefin monomer corresponding to the struc- 
tural unit [A] of the general formula [1] is a cyclic ole- 
fin monomer having a structure of the general formula [9], 
the cyclic olefin monomer corresponding to the structural 
unit [B] of the general formula [3] is a cyclic olefin 
monomer having a structure of the general formula [10], the 
cyclic olefin monomer corresponding to the structural unit 
[C] of the general formula [4] is a cyclic olefin monomer 
having a structure of the general formula [11], the cyclic 
olefin monomer corresponding to the structural unit [E] of 
the general formula [7] is a cyclic olefin monomer having a 
structure of the general formula [12], and the cyclic ole- 
fin monomer corresponding to the structural unit [F] of the 
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general formula [22] is a cyclic olefin monomer having a 
structure of the following general formula [23]: 




[23] 



(wherein, R 72 to R 75 , x 6 and v are as defined" above .) . 
q 5 Specific examples of R 55 to R 75 in these formulae are 

substituents described previously as the respective corre- 
sponding substituents, and the same substituents including 
also preferable examples are listed. 

Namely, the hydrogenated ring-opening metathesis co- 
10 polymer of the present invention is obtained by polymeriz- 
ing at least a cyclic olefin monomer of the general formula 
[9], a cyclic olefin monomer of the general formula [10] 
and/or a cyclic olefin monomer of the general formula [11], 
and if necessary a cyclic olefin monomer of the general 
15 formula [12], and further if necessary a cyclic olefin 
monomer of the general formula [23]; and a cyclic olefin 
monomer in which at least one of X 1 in the general formula 
[9], X in the general formula [10] and X 3 in the general 
formula [11] represents -0-, by using a ring-opening me- 
20 tathesis catalyst, and hydrogenating the resulted polymer 
in the presence of a hydrogenation catalyst. Preferably, 
the charging molar ratio of a cyclic olefin monomer of the 
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general formula [9] to a cyclic olefin monomer of the gen- 
eral formula [10] and a cyclic olefin monomer of the gen- 
eral formula [11] is from 0/100 to 99/1, preferably from 
20/80 to 99/1, more preferably from 20/80 to 95/5, particu- 
5 larly preferably from 25/75 to 90/10, most preferably from 
30/70 to 85/15. When a cyclic olefin monomer of the gen- 
eral formula [12] is used, it is used usually in an amount 
of 50 mol% or less, preferably 30 mol% or less, further 
preferably 20 mol% or less based on the total molar amount 
10 of olefin monomers used. when a cyclic olefin monomer of 
the general formula [23] is used, it is used usually in an 
amount of 50 mol% or less, preferably 30 mol% or less, fur- 
ther preferably 20 mol% or less based on the total molar 
amount of olefin monomers used. 
15 It is preferable that at least one of X 1 in a cyclic 

olefin monomer of the general formula [9], X 2 in a cyclic 
olefin monomer of the general formula [10] and X 3 in a cy- 
clic olefin monomer of the general formula [11] represents 
-O-, and the others represent -CH 2 -, and the molar amount 
20 of a -o- unit based on the total unit molar amount of x 1 , 
X 2 and X 3 is from 0.01 to 0.99, preferably from 0.02 to 
0.95, more preferably from 0.05 to 0.80, most preferably 
from 0.10 to 0.70. Also in the case of use of cyclic ole- 
fin monomers of the general formula [12] and/or general 
25 formula [23], the molar amount of a -0- unit based on the 
total unit molar amount of x 1 , x 2 , x 3 ,x 5 and X 6 is from 
0.01 to 0.99, preferably from 0.02 to 0.95, more preferably 
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from 0.05 to 0.80, most preferably from 0.10 to 0.70. 

The hydrogenated ring-opening metathesis copolymer of 
the present invention is obtained by polymerizing the 
above-mentioned olefin monomers by using a ring-opening me- 
tathesis catalyst, preferably a living ring-opening me- 
tathesis catalyst, more preferably in the presence of a 
chain transfer agent such as an olefin, diene and the like, 
in a solvent or without using a solvent, then, hydrogenat- 
ing the resulted polymer using a hydrogenation catalyst in 
a solvent under pressure of hydrogen. 

The polymerization catalyst used in the present in- 
vention may be any catalyst providing it causes ring- 
opening metathesis polymerization, and specific examples of 
the living ring-opening metathesis catalyst include tung- 
sten-based alkylidene catalysts such as W(N-2,6- 
Pr^CsHg ) ( CHBu* ) ( OBu* ) 2 , W ( N-2 , 6 -Pr i 2 C 6 H 3 ) ( CHBu* ) ( OCMe 2 CF 3 ) 2 , 
W(N-2,6-Pr i 2 C 6 H 3 )(CHBu t )(OCMe(CF3) 2 ) 2 , W(N-2 , 6-Vr L 2 C 6 H 3 ) 
(CHCMe 2 Ph) (0Bu*) 2f W(N-2,6-Pr i 2 C6H 3 ) (CHCMe 2 Ph) (OCMe 2 CF 3 ) 2 , 
W(N-2,6-Pr i 2 C 6 H 3 )(CHCMe 2 Ph)(OCMe 2 (CF 3 ) 2)2 (in the formula, 
Pr 1 represents an iso-propyl group, Bu* represents a tert- 
butyl group, Me represents a methyl group, and Ph repre- 
sents a phenyl group.) and the like, tungsten-based alky- 
lidene catalysts such as W(N-2 , 6-Me 2 C 6 H 3 ) (CHCHCMePh) 
(OBu t ) 2 (PMe 3 ), W(N-2,6-Me 2 C 6 H 3 )(CHCHCMe 2 )(OBu t ) 2 (PMe 3 ), W(N- 
2 , 6 -Me 2 C 6 H 3 ) ( CHCHCPh 2 ) ( OBu* ) 2 ( PMe 3 ) , W ( N-2 , 6 -Me 2 C 6 H 3 ) 
( CHCHCMePh ) ( OCMe 2 ( CF 3 ) ) 2 ( PM e 3 ) , W ( N-2 , 6 -Me 2 C 6 H 3 ) ( CHCHCMe 2 ) 
( OCMe 2 ( CF 3 ) ) 2 ( PMe 3 ) , W ( N-2 , 6 -Me 2 C 6 H 3 ) ( CHCHCPh 2 ) 



(OCMe 2 (CF 3 ) ) 2 (PMe 3 ), W(N-2,6-Me 2 C 6 H 3 ) ( CHCHCMe 2 ) ( OCMe ( CF 3 ) 2 ) 2 
(PMe 3 ), W(N-2,6-Me 2 C 6 H 3 ) (CHCHCMe 2 ) (0CMe(CF 3 ) 2 ) 2 (PMe 3 ) , W(N- 
2,6-Me 2 C 6 H 3 ) (CHCHCPh 2 ) (OCMe(CF 3 ) 2 ) 2 (PMe 3 ), W(N-2 , G-PrScg^ ) 
( CHCHCMePh ) ( OCMe 2 ( CF 3 ) ) 2 ( PMe 3 ) , W ( N-2 , 6-Pr i 2 C 6 H 3 ) ( CHCHCMePh ) 
5 (OCMe(CF 3 ) 2 ) 2 (PMe 3 ) , W(N-2 , 6-Pr i 2 CgH 3 ) (CHCHCMePh) (OPh) 2 

(PMe 3 ) (in the formula, Pr 1 represents an iso-propyl group, 
But represents a tert-butyl group, Me represents a methyl 
group, and Ph represents a phenyl group.) and the like, mo- 
lybdenum-based alkylidene catalysts such as Mo(N-2,6- 
10 Pr 1 2 C 6 H 3 ) ( CHBu* ) ( OBu* ) 2 , Mo ( N-2 , 6 -Pr i 2 C 6 E 3 ) ( CHBu* ) ( OCMe 2 CF 3 ) 2 , 
Mo ( N-2 , 6-Pr i 2 C 6 H 3 ) ( CHBu* ) ( OCMe ( CF 3 ) 2 ) 2 , Mo ( N-2 , 6 -Pr i 2 C 6 H 3 ) 
(CHCMe 2 Ph) (OBu fc ) 2 , Mo(N-2,6-Pr i 2 C 6 H 3 ) (CHCMe 2 Ph) (OCMe 2 CF 3 ) 2 , 
H M °( N -2,6-Pr i 2 C 6 H 3 )(CHCMe 2 Ph)(OCMe 2 (CF 3 ) 2 ) 2 (in the formula, 

Pr 1 represents an iso-propyl group, Bu fc represents a tert- 

$ 15 butyl group, Me represents a methyl group, and Ph repre- 

ss 

q sents a phenyl group. ) and the like, rhenium-based alky- 

ru 

lidene catalysts such as Re(CBu fc ) (CHBut) (0-2,6-Pr i 2 C 6 H 3 ) 2 , 
Re(CBu t ) (CHBu*) ( 0-2-Bu t 2 C 6 H 4 ) 2 , Re(CBu t ) (CHBu*) (OCMe 2 CF 3 ) 2 , 
Re ( CBu* ) ( CHBu* ) ( OCMe ( CF 3 ) 2 ) 2 , Re ( CBu* ) ( CHBu* ) ( 0-2 , 6 - 

20 Me 2 C 6 H 3 ) 2 (in the formula, Bu fc represents a tert-butyl 

group.) and the like, tantalum-based alkylidene catalysts 
such as Ta[C(Me)C(Me)CHMe 3 ] (0-2,6-Pr i 2 C 6 H 3 ) 3 Py, 
Ta[C(Ph)C(Ph)CHMe 3 ](0-2,6-Pr i 2 C 6 H 3 ) 3 Py (in the formula, Me 
represents a methyl group, Ph represents a phenyl group, 

25 and Py represents a pyridine group.) and the like, ruthe- 
nium-based alkylidene catalysts such as Ru(CHCHCPh 2 ) 
(PPh 3 ) 2 ci 2 , Ru(CHCHCPh 2 ) (P(C 6 H 11 ) 3 ) 2 ci 2 (in the formula, Ph 
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represents a phenyl group.) and the like, and titanacy- 
clobutane catalyst. The above-mentioned ring-opening me- 
tathesis catalyst may be used alone or in admixture of two 
or more. 

In addition to the above-mentioned catalysts, there 
can also be used living ring-opening metathesis catalysts 
combining an organic transition metallic complex with a 
Lewis acid as a co-catalyst, for example, ring-opening me- 
tathesis catalysts composed of a transition metal halogen 
complex containing molybdenum, tungsten and the like and, 
an organoaluminum compound, organotin compound or or- 
ganometallic compound containing lithium, sodium, magnesium, 
zinc, cadmium, boron and the like, as a co-catalyst. 

As the specific examples of the organic transition 
metal halogen complex, there are listed catalysts obtained 
by combining tungsten-based halogen complexes such as W(N- 
2 , 6-Pr 1 2 C 6 H 3 ) ( thf ) ( OBu* ) Cl 2 , W ( N-2 , S-PrSCsHa ) ( thf ) ( OCMe 2 CF 3 ) 
Cl 2 , W(N-2,6-Pr i 2 C 6 H3)(thf)(OCMe(CF 3 ) 2 )Cl 2 , W(N-2 , S-Pr^CeHa ) 
(thf)(OBu t )Cl 2 , W(N-2,6-Pr i 2 C 6 H 3 )(thf)(OCMe 2 CF 3 )Cl 2 , W(N- 
2,6-Pr 1 2 c 6 H 3 )(thf )(OCMe 2 (CF 3 ) 2 )Cl 2 (in the formula, Pr 1 
represents an iso-propyl group, Bu* represents a tert-butyl 
group, Me represents a methyl group, Ph represents a phenyl 
group, thf represents tetrahydrof uran. ) and the like, with 
organometallic compounds described below, and catalysts ob- 
tained by combining molybdenum-based halogen complexes such 
as Mo(N-2,6-Pr i 2 C6H 3 )(thf)(OBu t )Cl 2 , Mo(N-2 , S-Pr^CfiHa ) ( thf ) 
(OCMe 2 CF 3 )Cl 2 , Mo(N-2,6-Pr i 2 C6H 3 )(thf)(OCMe(CF 3)2 )Cl 2 , Mo(N- 
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2,6-Pr 1 2 C 6 H 3 ) (thf ) (OBu fe )Cl 2 , Mo(N-2,6-Pr i 2 C 6 H 3 ) (thf ) 
(OCMe 2 CF 3 )Cl 2 , Mo(N-2,6-Pr i 2 C 6 H 3 ) (thf ) ( OCMe ( CF 3 ) 2 ) Cl 2 (in 
the formula, Pr 1 represents an iso-propyl group, Bu* repre- 
sents a tert-butyl group, Me represents a methyl group, Ph 
represents a phenyl group, thf represents tetrahydrof uran. ) 
and the like, with organometallic compounds described below, 

Specific examples of the organometallic compound as a 
co-catalyst include organoaluminum compounds such as 
trimethylaluminum, triethylaluminum, triisobutylaluminum, 
trihexylaluminum, trioctylaluminum, triphenylaluminum, 
tribenzylaluminum, diethylaluminum monochloride, di-n- 
butylaluminum, diethylaluminum monobromide, diethylaluminum 
monoiodide, diethylaluminum monohydride, ethylaluminum ses- 
quichloride, ethylaluminum dichloride and the like, organo- 
tin compounds such as tetramethyltin, diethyldimethyltin, 
tetraethyltin, dibutyldiethyltin, tetrabutyltin, tetraoc- 
tyltin, trioctyltin fluoride, trioctyltin chloride, trioc- 
tyltin bromide, trioctyltin iodide, dibutyltin difluoride, 
dibutyltin dichloride, dibutyltin dibromide, dibutyltin 
diiodide, butyltin trifluoride, butyltin trichloride, bu- 
tyltin tribromide, butyltin triiodide and the like, organo- 
lithium compounds such as n-butyllithium and the like, or- 
ganosodium compounds such as n-pentylsodium and the like, 
organomagnesium compounds such as methylmagnesium iodide, 
ethylmagnesium bromide, methylmagnesium bromide, n- 
propylmagnesium bromide, t-butylmagnesium chloride, allyl- 
magnesium chloride and the like, organozinc compounds such 



as diethyl zinc and the like, organocadmium compounds such 
as diethylcadmium and the like, organoboron compounds such 
as trimethylboron, triethylboron, tri-n-butylboron and the 
like, and other organometallic compounds. 
5 Regarding the molar ration of a cyclic olefin-based 

monomer to a ring-opening metathesis catalyst in the living 
ring-opening metathesis polymerization of the present in- 
vention, the molar ratio of a cyclic olefin-based monomer 
to a transition metal alkylidene complex is from 2 to 10000, 
10 preferably from 10 to 5000, in the case of a transition 

metal alkylidene catalyst containing tungsten, molybdenum, 
rhenium, tantalum, ruthenium and the like, or a titanacy- 
clobutane catalyst. in the case of a ring-opening metathe- 
sis catalyst composed of an organic transition metal halo- 
15 gen complex and an organometallic compound, the molar ratio 
of a cyclic olefin-based monomer to an organic transition 
metal halogen complex is from 2 to 10000, preferably from 
10 to 5000, and the molar ratio of an organometallic com- 
pound as a co-catalyst to an organic transition metal halo- 
20 gen complex is from 0.1 to 10, preferably from 1 to 5 . 

When polymerization is conducted by using a ring- 
opening metathesis catalyst in the present invention, it is 
preferable to effect polymerization in the presence of a 
chain transfer agent such as an olefin, diene and the like, 
25 for enhancing catalyst efficiency. As the olefin used as a 
chain transfer agent, there are listed, for example, a- 
olefins such as ethylene, propylene, butene, pentene, hex- 
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ene, octene and the like, and silicon-containing olefins 
such as vinyltrimethylsilane, allyltrimethylsilane , allyl- 
triethylsilane, allyltriisopropylsilane and the like, and 
as the diene, there are listed non-conjugated dienes such 
5 as 1,4-pentadiene, 1 , 5-hexadiene, 1 , 6-heptadiene and the 
like. Further, these olefins or dienes may be used alone 
or in combination of two or more. 

Regarding the amount used of an olefin or diene al- 
lowed to co-exist in the present invention, the amount of 
10 an olefin or diene is from 0.001 to 1000-fold mol, prefera- 
bly from 0.01 to 100-fold mol based on cyclic olef in-based 
monomers. Further, the amount of an olefin or diene is 
from 0.1 to 100 0 equivalent, preferably from 1 to 50 0 
equivalent based on 1 equivalent of an alkylidene in a 
15 transition metal alkylidene complex. 

The ring-opening metathesis polymerization in the 
present invention may be effected using a solvent or with- 
out using a solvent, and as the particularly used catalyst, 
ethers such as tetrahydrof uran, diethyl ether, dibutyl 
20 ether, dimethoxyethane, dioxane and the like, aromatic hy- 
drocarbons such as benzene, toluene, xylene, ethylbenzene 
and the like, aliphatic hydrocarbons such as pentane, hex- 
ane, heptane and the like, alicyclic hydrocarbons such as 
cyclopentane, cyclohexane, methylcyclohexane, dimethylcy- 
25 clohexane, decalin and the like, and halogenated hydrocar- 
bons such as methylene dichloride, dichloroethane, di- 
chloroethylene, tetrachloroethane, chlorobenzene, tri- 
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chlorobenzene and the like, are listed, and these may be 
used in admixture of two or more. 

The concentration of ring-opening metathesis polym- 
erization in the present invention is not uniform and var- 
5 ies depending on the reactivity of a cyclic olefin-based 
monomer, the solubility into a polymerization solvent and 
the like, and usually, the concentration of a cyclic ole- 
fin-based monomer in a solvent is from 0.001 to 500 mol/L, 
preferably from 0.01 to 100 mol/L, further preferably from 

10 0.05 to 50 mol/L. Also the reaction temperature varies de- 
pending on the kind and amount of a cyclic olefin-based 
monomer and ring-opening metathesis catalyst, and the like, 
and usually from -30 to 150°C, preferably from 0 to 120°C, 
further preferably from 15 to 100°C. The reaction time is 

15 usually from 1 minute to 10 hours, preferably from 5 min- 
utes to 8 hours, further preferably from 10 minutes to 6 
hours . 

After polymerization reaction, the reaction can be 
terminated with a de-activating agent such as aldehydes 

20 such as butylaldehyde and the like, ketones such as ace- 
tones and the like, alcohols such as methanol and the like, 
to obtain a ring-opening metathesis polymer solution. 

In the present invention, a polymer having a desired 
molecular weight can be obtained by controlling the molar 

25 ratio of a monomer to a catalyst since the ring-opening me- 
tathesis polymerization for obtaining the polymer is con- 
ducted according to a living polymerization reaction. Al- 
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ternatively, a polymer having a desired molecular weight 
can be obtained also by controlling the molar ratio of a 
monomer, chain transfer agent and catalyst while keeping 
the living polymerization reaction by conducting a living 
ring-opening metathesis polymerization in the presence of 
an olefin or diene as a chain transfer agent. The polymer 
obtained by this living polymerization has a number-average 
molecular weight Mn in terms of polystyrene of from 500 to 
200,000, preferably from 1,000 to 100,000, particularly 
from 3,000 to 50,000. The ratio of the weight-average mo- 
lecular weight Mw to the number-average molecular weight Mn 
(Mw/Mn ) is controlled within a narrow molecular weight dis- 
tribution of from 1.0 to 2.0 though it slightly differs de- 
pending on the natures of a monomer and chain transfer 
agent, this molecular weight distribution does not vary 
even after hydrogenation of this ring-opening metathesis 
copolymer in the presence of a hydrogenation catalyst. 
This range is preferably from 1.0 to 1.8, more preferably 
from 1.0 to 1.6. The molecular weight in this range and 
the narrow molecular weight distribution are extremely im- 
portant for forming a uniform and smooth coating film in a 
process of dissolving a resist material in a solvent and 
applying the solution onto a silicon wafer by a spin coater. 
Therefore, use of living polymerization for determining the 
molecular weight and molecular weight distribution as a re- 
sist material is extremely important for manifesting func- 
tions of a resist material having increased solubility in a 



polar solvent, improved adhesion and adhesion to the sur- 
face of a silicon wafer, and enhanced applicability to the 
surface thereof. 

A ring-opening metathesis polymer having an olefini- 
5 cally unsaturated bond in the main chain part is obtained 
by polymerizing a cyclic olefin monomer of the present in- 
vention using a ring-opening metathesis catalyst, as de- 
scribed above. in the present invention, it is necessary 
to hydrogenate an olefin in the main chain part of a ring- 
10 opening metathesis polymer to increase the UV transmittance 
to the maximum extent in this range particularly against a 
region of ArF excimer laser having a wavelength of 193 nm, 
for lowering the region of the ultraviolet (UV) maximum 
absorption wavelength. in this hydrogenation reaction, a 
15 known hydrogenation catalyst can be used. 

Specific examples of the hydrogenation catalyst in- 
clude supporter type metal catalysts prepared by supporting 
a metal such as palladium, platinum, nickel, rhodium, ru- 
thenium and the like on a carrier such as carbon silica, 
20 alumina, titania, magnesia, diatomaceous earth, synthetic 
zeolite and the like as heterogeneous catalysts, and nickel 
naphthenate/triethylaluminum, nickel acetylaceto- 
nate/triisobutylaluminum, cobalt octenoate/n-butyllithium, 
titanocene dichloride/diethylaluminum chloride, rhodium 
25 acetate, dichlorobis ( triphenylphosphine ) palladium, chloro- 
tris(triphenylphosphine) rhodium, dihydride-. 
tetrakis( triphenylphosphine) ruthenium and the like as ho- 
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mogeneous catalysts, and further, hydrogenation can also be 
conducted using a hydrogenation catalyst composed of an 
amine compound and an organometallic complex of the follow- 
ing general formula [24]: 
5 MH w QxTyUz [24] 

[wherein, M represents ruthenium, rhodium, osmium, iridium, 
palladium, platinum or nickel, H represents a hydrogen atom, 
Q represents a halogen atom, T represents CO, NO, toluene, 
acetonitrile or tetrahydrof uran, U represents an organo- 

H- 10 Phosphorus compound of PR i:l R' 2 R' 3 (p represents phosphorus, 
□ ,123 

B R" , R' and R' each independently represent the same or 

O 

jO different linear, branched or cyclic alkyl, alkenyl, aryl, 

£ alkoxy or allyloxy.), w represents an integer of 0 or 1 , x 

JL, represents an integer of 1 to 3, y represents an integer of 

W 15 0 or 1, and z represents an integer of 2 to 4 . 1 

ry ' 

p in the presence of hydrogen as a homogeneous catalyst. 

W Q in the general formula [24] represents halogen atom, 

and chlorine, fluorine, bromine and iodine atoms are spe- 
cifically exemplified. Further, T represents CO, NO, tolu- 
20 ene, acetonitrile or tetrahydrof uran, and U represents an 
organophosphorus compound and specific examples thereof in- 
clude trimethylphosphine, triethylphosphine, triisopropyl- 
phosphine, tri-n-propylphosphine, tri-t-butylphosphine, 
triisobutylphosphine, tri-n-butylphosphine., tricyclohexyl- 
25 phosphine, triphenylphosphine, methyldiphenylphosphine, di- 
methylphenylphoshpine, tri-o-tolylphosphine, tri-m- 
tolylphosphine, tri-p-tolylphosphine, diethylphenyl- 
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phosphine, dichloro( ethyl )phosphine, di- 

chloro( phenyl) phosphine, chlorodipheny lphosphine, trimeth- 
ylphosphite, triisopropylphosphite and triphenylphosphite . 
Specific examples of the organometallic complex of 
5 the general formula [24] include dichlorobis ( triphenyl- 
phosphine) nickel, dichlorobis (tripheny lphosphine ) palla- 
dium, dichlorobis (triphenylphosphine) platinum, chloro- 
tris(triphenylphosphine) rhodium, dichlorotris- 
( triphenylphosphine) osmium, dichlorohydridebis ( triphenyl- 
10 phosphine) iridium, dichlorotris (triphenylphosphine) ruthe- 
□ nium, dichlorotetrakis( triphenylphosphine) ruthenium, tri- 

5 chl °ronitrosylbis( triphenylphosphine) ruthenium, di- 

ill 

chlorobis(acetonitrile)bis (triphenylphosphine) ruthenium, 
dichlorobis ( tetr ahydrof ur an ) bis ( triphenylphosphine ) ruthe- 
W 15 nium ' chlorohydride( toluene )tris( triphenylphosphine) ruthe- 

nium, chlorohydridecarbonyltris( triphenylphosphine) ruthe- 
nium, chlorohydridecarbonyltris(diethylpheny lphosphine) ru- 
thenium, chlorohydridenitrosyltris( triphenylphosphine) ru- 
thenium, dichlorotris (trimethy lphosphine) ruthenium, di- 
20 chlorotris(triethylphosphine) ruthenium, dichlorotris- 

(tricyclohexylphosphine) ruthenium, dichlorotris (triphenyl- 
phosphine) ruthenium, dichlorotris ( trimethyldiphenyl- 
phosphine) ruthenium, dichlorotris (tridimethy lphenyl- 
phosphine) ruthenium, dichlorotris ( tri-o-tolylphosphine ) 
25 ruthenium, dichlorotris (dichloroethylphosphine) ruthenium, 
dichlorotris (dichloropheny lphosphine) ruthenium, dichloro- 
tris (trimethylphosphite) ruthenium, dichlorotris (triphenyl- 
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phoshpite) ruthenium and the like. 

Specific examples of the amine compound include pri- 
mary amine compounds such as methylamine, ethylamine, ani- 
line, ethylenediamine, 1 , 3-diaminocyclobutane and the like, 
5 secondary amine compounds such as dimethylamine , methyliso- 
propylamine, N-methylaniline and the like, and tertiary 
amine compounds such as trimethylamine , triethylamine, 
triphenylamine, N,N-dimethylaniline, pyridine, y -picoline 
and the like, and a tertiary amine compound is preferably 

H- 10 used, and improvement in hydrogenating rate is remarkable 

O particularly in use of triethylamine. 

*j These organometallic complexes and amine compounds 

can be respectively used in combination of two or more at 
any ratio. 

In the case of use of a known hydrogenation catalyst 
for hydrogenating a ring-opening metathesis polymer in the 
present invention, the amount of a known hydrogenation 
catalyst is from 5 to 50000 ppm, preferably from 100 to 
1000 ppm based on a ring-opening metathesis polymer. in 
20 the case of use of a hydrogenation catalyst composed of an 
organometallic complex and an amine compound, the amount of 
an organometallic complex is from 5 to 50000 ppm, prefera- 
bly from 10 to 10000 ppm, particularly preferably from 50 
to 1000 ppm based on a ring-opening metathesis polymer. 
25 Further, the amount of an amine compound is from 0.1 to 
1000 equivalent, preferably from 0.5 to 500 equivalent, 
particularly preferably from 1 to 100 equivalent based on 
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an organometallic complex used. 

A hydrogenation catalyst composed of an organometal- 
lic complex and an amine compound can be treated previously 
by contacting an organometallic complex with an amine com- 
5 pound, before use, however, they may be added directly to a 
reaction system, without previous contact treatment of an 
organometallic complex and an amine compound. 

The solvent used in hydrogenating of a ring-opening 
metathesis polymer may be any solvent providing it is usu- 

H 10 all y used in a hydrogenation reaction, and a solvent which 

Q 

P' dissolves a ring-opening metathesis polymer and hydrogen- 

ated material thereof and which is not hydrogenated itself 
is preferable. Examples thereof include ethers such as 
tetrahydrofuran, diethyl ether, dibutyl ether, dimeth- 
15 oxyethane and the like, aromatic hydrocarbons such as ben- 
zene, toluene, xylene, ethylbenzene and the like, aliphatic 
hydrocarbons such as pentane, hexane, heptane and the like, 
alicyclic hydrocarbons such as cyclopentane, cyclohexane, 
methylcyclohexane, dimethylcyclohexane , decalin and the 
20 like, halogenated hydrocarbons such as methylene dichloride, 
dichloroethane, dichloroethylene, tetrachloroethane, 
chlorobenzene, trichlorobenzene and the like, and these may 
be used in admixture of two or more. 

The concentration of a ring-opening metathesis poly- 
25 mer of the present invention in a hydrogenation reaction is 
not uniform and varies depending on the kinds of a ring- 
opening metathesis polymer, hydrogenation catalyst and sol- 
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vent, and usually, the concentration of a ring-opening me- 
tathesis polymer in a solvent is from 0.01 g to 10 kg/L, 
preferably from 0 . 1 g to 5 kg/L, further preferably from 
0.5 g to 1 kg/L. 

The hydrogenation reaction of a ring-opening metathe- 
sis polymer is conducted under a hydrogen pressure of usu- 
ally from a normal pressure to 3 0 MPa, preferably from 0.5 
to 20 MPa, particularly preferably from 2 to 15 MPa, and 
the reaction temperature thereof is usually from 0 to 300°C, 
preferably from room temperature to 250°C, particularly 
preferably from 50 to 200°C. The reaction time thereof is 
usually from 1 minute to 50 hours, preferably from 10 min- 
utes to 20 hours, further preferably from 30 minutes to 10 
hours . 

In production of a hydrogenated ring-opening metathe- 
sis polymer in the present invention, a ring-opening me- 
tathesis polymer can be isolated from a ring-opening me- 
tathesis polymer solution before re-dissolution into a sol- 
vent, however, a method can also be adopted in which a hy- 
drogenation reaction is conducted by adding a hydrogenation 
catalyst composed of the above-mentioned organometallic 
complex and amine compound without isolating the ring- 
opening methathesis polymer. 

After the completion of a ring-opening metathesis po- 
lymerization or hydrogenation reaction, a ring-opening me- 
tathesis catalyst or a hydrogenation catalyst remaining in 
a polymer can be removed by a known method. For example, 
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filtration, an adsorption method using an adsorbing agent, 
a method in which an organic acid such as lactic acid and 
the like, a poor solvent and water are added to a solution 
containing a good solvent and this system is removed by ex- 
5 traction at normal temperature or under heat, further, a 
method in which a solution containing a good solvent or a 
polymer slurry is subjected to a contact treatment with a 
basic compound and an acidic compound, then, removed by 
washing, and other methods are listed. 
10 A method of recovering a hydrogenated polymer from a 

solution of a hydrogenated ring-opening metathesis polymer 

il is not Particularly restricted, and known methods can be 

y i 

adopted. For example, a filtration method in which a reac- 
tion solution is discharged into a poor solvent under stir- 
15 ring to coagulate a hydrogenated polymer, a centrifugal 
separation method, methods of recovering by a decantation 
method and the like, a steam stripping method in which 
steam is blown into a reaction solution to precipitate a 
hydrogenated polymer, methods of directly removing a sol- 
20 vent from a reaction solution by heating and' the like, and 
other methods are listed. 

When a hydrogenating method in the present invention 
is used, hydrogenating rates of 90% or more can be easily 
attained, and hydrogenating rates of 95% or more, particu- 
25 larly of 99% or more are possible, and thus obtained cyclic 
olefin-based hydrogenated ring-opening metathesis polymer 
is not easily oxidized, and an variable hydrogenated ring- 
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opening metathesis polymer is obtained. 

The above-mentioned methods can produce a hydrogen- 
ated ring-opening metathesis polymer which contains if nec- 
essary a structural unit [A] of the general formula [1], 
contains at least a structural unit [B] of the general for- 
mula [3] and/or a structural unit [C] of the general for- 
mula [4], and constituted of if necessary a structural unit 
[E] of the general formula [7], further if necessary a 
structural unit [F] of the general formula [22], and in 
which at least one of x 1 in the structural unit [A] of the 
general formula [1], x 2 in the structural unit [B] of the 
general formula [3] and X 3 in the structural unit [C] of 
the general formula [4] represents -O-, the constituting 
molar ratio of [A]/([B] and [C]) is 0/100 to 99/1, prefera- 
bly 20/80 to 99/1, and the ratio of the weight-average mo- 
lecular weight Mw to the number-average molecular weight Mn 
(Mw/Mn) is 1.0 to 2.0. 

In the present invention, a hydrogenated ring-opening 
metathesis polymer which contains a structural unit [A] of 
the general formula [1] and, a structural unit [B] of the 
general formula [3] and/or a structural unit [C] of the 
general formula [4], a structural unit [D] of the general 
formula [5], and if necessary a structural unit [E] of the 
general formula [7], further if necessary a structural unit 
[F] of the general formula [7], and in which at least one 
of X 1 in the structural unit [A] of the general formula [1], 
X 2 in the structural unit [B] of the general formula [3] 



and X in the structural unit [C] of the general formula 
[4] represents -0-, the constituting molar ratio of 
[A]/([B] and [C]) is 20/80 to 99/1, and the ratio of the 
weight-average molecular weight Mw to the number- average 
molecular weight Mn (Mw/Mn) is 1.0 to 2.0 can be produced 
by decomposing, in a hydrogenated ring-opening metathesis 
polymer obtained as described above, at least part of a 
tertiary ester group of a cyclic alkyl in the general for- 
mula [2] and/or an ester group in the general formula [8] 
to convert it into a carboxylic acid. 

As the method of decomposing at least part of a ter- 
tiary ester group of a cyclic alkyl in the general formula 
[2] and/or an ester group in the general formula [8] to 
convert it into a carboxylic acid, a method using hydroly- 
sis and/or a method using acidolysis can be usually used, 
and as the method using hydrolysis, any of acidic hydroly- 
sis conducted in the presence of an acidic catalyst such as 
sulfuric acid, hydrochloric acid, nitric acid, toluenesul- 
fonic acid, trifluoroacetic acid, acetic acid and the like, 
alkaline hydrolysis conducted in the presence of an alka- 
line catalyst such as sodium hydroxide, potassium hydroxide, 
barium hydroxide and the like, and neutral hydrolysis using 
sodium acetate, lithium iodide and the like instead of the 
acidic or alkaline catalyst can be used. The method using 
hydrolysis essentially requires the presence of water in 
the system, and the amount of water used is not less than 
the molar amount equivalent to that of an ester group to be 



converted into a carboxylic acid, and preferably 5-fold mol 
or more, further preferably 10-fold mol or more, most 
preferably 20-fold mol or more. in the method using 
acidolysis, acids such as sulfuric acid, hydrochloric acid, 
5 nitric acid, toluenesulf onic acid, trif luoroacetic acid, 
acetic acid and the like can be used. in the method using 
acidolysis, water may be present in the system though the 
presence of water is not essential. The amount of an acid 
catalyst, alkaline catalyst and neutral hydrolysis catalyst 
10 used in the method using hydrolysis and an acid used in the 
method using acidolysis is usually 50 mol or- less, 
preferably from 0.00001 to 30 mol, further preferably from 
0.001 to 10 mol based on 1 mol of an ester group to be 
converted into a carboxylic acid. 
15 The hydrolysis reaction and acidolysis reaction in 

the method of the present invention may use a water solvent 
or an organic solvent, and particularly, examples of the 
organic solvent used include alcohols such as methanol, 
ethanol and the like, ketones such as acetone and the like, 
20 ethers such as tetrahydrof uran, diethyl ether, dibutyl 

ether, dimethoxyethane, dioxane and the like, aromatic hy- 
drocarbons such as benzene, toluene, xylene, ethylbenzene 
and the like, aliphatic hydrocarbons such as pentane, hex- 
ane, heptane, cyclohexane and the like, carboxylic acids 
25 such as acetic acid and the like, nitro compounds such as 
nitromethane and the like, pyridines such as pyridine, lu- 
tidine and the like, formamides such as dimethylf ormamide 
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and the like, and they may be mixed with water or alcohols, 
or only the organic solvent may be used. Further, two or 
more among them may be mixed and used. The reaction tem- 
perature is usually from 0 to 300°C, preferably from room 
temperature to 250°C, more preferably from room temperature 
to 200°C. The reaction time is usually from 1 minute to 
100 hours, preferably from 5 minutes to 30 hours, more 
preferably from 10 minutes to 20 hours. 

Embodiments of the hydrolysis reaction and acidolysis 
reaction in the method of the present invention are not 
particularly restricted, and any embodiment is permissible 
providing the hydrolysis reaction and acidolysis reaction 
can be carried out effectively, and any embodiments under 
an inert gas atmosphere such as nitrogen and the like, un- 
der an air atmosphere, or at reduced pressure, normal pres- 
sure, increased pressure, or by batchwise, semi-batchwise 
or continuous mode may be admitted. 

Further, after the completion of the hydrolysis reac- 
tion or acidolysis reaction, neutralization treatment may 
be effected appropriately with an alkali or acid. The 
method of recovering a polymer from a solution or slurry of 
a hydrogenated ring-opening metathesis polymer, after the 
hydrolysis reaction or acidolysis reaction, is not particu- 
larly restricted, and known methods can be used. For exam- 
ple, in the case of a solution, methods in which a reaction 
solution is discharged into a poor solvent under stirring 
to precipitate a polymer hydrogenated material forming a 



slurry, and the polymer is recovered by a filtration method, 
centrifugal separation method, decantation method and the 
like, a steam stripping method in which steam is blown into 
a reaction solution to precipitate a polymer, methods of 
5 directly removing a solvent from a reaction solution by 
heating and the like are listed, and in the case of a 
slurry, methods of recovering a polymer from a slurry it- 
self by a filtration method, centrifugal separation method, 
decantation method and the like, and other recovering 
10 method are listed. 

The above-mentioned methods can produce a hydrogen- 
ated ring-opening metathesis polymer which contains if nec- 
essary a structural unit [A] of the general formula [1], 
contains a structural unit [B] of the general formula [3] 

15 and/or a structural unit [C] of the general formula [4], a 
structural unit [D] of the general formula [5], and if nec- 
essary a structural unit [E] of the general formula [7], 
further if necessary a structural unit [F] of the general 
formula [22], and in which at least one of x 1 in the struc- 

20 tural unit [A] of the general formula [1], x 2 in the struc- 
tural unit [B] of the general formula [3] and X 3 in the 
structural unit [C] of the general formula [4] represents - 
0-, the constituting molar ratio of [A] / ( [B] • and [C]) is 
0/100 to 99/1, preferably 20/80 to 99/1, and the ratio of 

25 the weight-average molecular weight Mw to the number- 
average molecular weight Mn (Mw/Mn) is 1.0 to 2.0. 

Further, in the present invention, a hydrogenated 
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ring-opening metathesis polymer which contains if necessary 
a structural unit [A] of the general formula [1] and, con- 
tains a structural unit [B] of the general formula [3] 
and/or a structural unit [C] of the general formula [4], if 
necessary a structural unit [D] of the general formula [5], 
further if necessary a structural unit [E] of the general 
formula [7], furthermore if necessary a structural unit [F] 
of the general formula [22], and in which at least one of 
X 1 in the structural unit [A] of the general formula [1], 
X 2 in the structural unit [B] of the general formula [3] 
and X in the structural unit [C] of the general formula 
[4] represents -0-, the constituting molar ratio of 
[A]/([B] and [C]) is 0/100 to 99/1, preferably 20/80 to 
99/1, and the ratio of the weight-average molecular weight 
Mw to the number-average molecular weight Mn (Mw/Mn) is 1.0 
to 2.0 can be produced by converting a carboxylic acid 
functional group of a hydrogenated ring-opening metathesis 
polymer having a carboxylic acid functional group obtained 
as described above, into an ester. 

As the method of converting a carboxylic acid func- 
tional group into an ester, conventional methods can be ap- 
plied. For example, ester if ication by a dehydrocondensa- 
tion reaction with alcohols, esterif ication by using an or- 
tho-alkylating agent, esterif ication by addition of olefins 
in the presence of an acid, esterif ication by a condensa- 
tion reaction with a halide using an organic basic compound, 
alkoxyalkyl esterif ication by addition of alkyl vinyl 



ethers, and the like are listed. The method further in- 
cludes method of converting a carboxylic acid into an acid 
halide by using thionyl chloride and then esterifying the 
acid halide by contacting with alcohol, method of esterify- 
ing a metal salt of the carboxylic acid, and the like. 

As alcohols used in the esterif ication by a dehydro- 
condensation reaction with alcohols, any alcohols usually 
used in esterif ication can be used, and aliphatic alcohols 
such as, for example, methanol, ethanol, 1-propanol, 2- 
propanol, 1-butanol, 2-butanol, tert-butanol , 1-pentanol, 
tert-amylalcohol, 3-methyl-3-pentanol , 3-ethyl-3-pentanol , 
cyclopentanol, cyclopentanemethanol , 1-methylcyclopentanol , 
1-ethylcyclopentanol, cyclohexanol , cyclohexylmethanol , di- 
cyclohexylmethanol, tricyclohexylmethanol , 1- 
methylcyclohexanol, norborneol, 1-adamantanol , 2- 
adamantanol, 2-methyl-2-adamantanol , 1-adamantanemethanol 
and the like are preferable. The amount of these alcohols 
is usually 100 mol or less, preferably from 1 to 50 mol, 
further preferably from 2 to 30 mol based on 1 mol of a 
carboxylic acid to be converted into an ester. The esteri- 
fication by a dehydrocondensation reaction with alcohols is 
usually conducted in the presence of an acid, and examples 
of such an acid include hydrogen halides such as a hydrogen 
chloride gas and the like, mineral acids such as sulfuric 
acid, phosphoric acid, hydrochloric acid, hydrobromic acid 
and the like, solid acids such as heteropolyacid, Nafion R 
and the like, organic acids such as p-toluenesulf onic acid, 



trifluoroacetic acid, propionic acid, malonic acid, oxalic 
acid, chlorosulfonic acid • pyridine salt, trifluoroacetic 
acid • pyridine salt, sulfuric acid • pyridine salt, p- 
toluenesulfonic acid • pyridine salt and the like, Lewis ac- 
ids such as boron-trifluoride etherate and the like. The 
amount of these acids is usually 10 mol or less, preferably 
from 0.00001 to 2 mol, further preferably from 0.001 to 0.5 
based on 1 mole of a carboxylic acid to be converted into 
an ester. Further, there can also be used methods using an 
acidic ion exchange resin, for example, a method of effect- 
ing solvent-reflux using a Soxhlet extraction apparatus 
containing a charged drying agent such as, for example, an- 
hydrous magnesium sulfate, molecular sieve and the like, 
for example, a method of allowing a dehydrating agent such 
as DCC and the like to co-exist, a method using an ex- 
tremely surplus amount of alcohol, and other methods. 

As the alkylating agent used in the esterif ication by 
an ortho-alkylating agent, any alkylating agents usually 
used in esterif ication of a carboxylic acid can be used, 
and for example, diazoalkanes such as diazomethane and the 
like, or, trialkyl orthocarboxylates such as, for example, 
triethyl orthof ormate, trimethyl orthoacetate and the like, 
are preferable. The amount of these alkylating agents is 
usually 50 mol or less, preferably from 1 to 30 mol, fur- 
ther preferably from 2 to 20 mol based on 1 mol of a car- 
boxylic acid to be converted into an ester. 

As the olefins used in the esterif ication by addition 




of olefins in the presence of an acid, any olefins usually 
used in esterif ication can be used, and for example, ali- 
phatic alkenes such as, for example, 2-methylpropene , 2- 
methyl-l-butene, 2-ethyl-l-butene, 2-methyl-2-butene , 3- 
5 methyl-2-pentene, 1-methyl-l-cyclopentene, 1 -methyl- 1- 

cyclohexene , methylenecyclopentane , methy lenecyclohexane , 
ethylidenecyclohexane and the like are preferable. The 
amount of these olefins is usually 100 mol or less, pref- 
erably from 1 to 50 mol, further preferably from 2 ,to 30 

10 mol based on 1 mol of a carboxylic acid to be converted 
into an ester. The esterif ication by addition of olefins 
is conducted in the presence of an acid, and examples of 
such an acid include hydrogen halides such as a hydrogen 
chloride gas and the like, mineral acids such as sulfuric 

15 acid, phosphoric acid, hydrochloric acid, hydrobromic acid 
and the like, solid acids such as heteropolyacid, Nafion R 
and the like, organic acids such as p-toluenesulf onic acid, 
trif luoroacetic acid, propionic acid, malonic acid, oxalic 
acid, chlorosulfonic acid • pyridine salt, trif luoroacetic 

20 acid • pyridine salt, sulfuric acid • pyridine salt, p- 

toluenesulfonic acid • pyridine salt and the like, Lewis ac- 
ids such as boron-trif luoride etherate and the like. The 
amount of these acids is usually 10 mol or less, preferably 
from 0.00001 to 2 mol, further preferably from 0.001 to 0 . 5 

25 based on 1 mole of a carboxylic acid to be converted into 
an ester. 

As the alkyl vinyl ethers used in the alkoxyalkyles- 
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terification by addition of alkyl vinyl ethers , alkoxy- 
substituted, non-substituted or cyclic alkyl vinyl ethers 
such as, for example, methyl vinyl ether, ethyl vinyl ether, 
n-propyl vinyl ether, isopropyl vinyl ether, n-butyl vinyl 
5 ether, sec-butyl vinyl ether, tert-butyl vinyl ether, iso- 
octyl vinyl ether, decyl vinyl ether, dodecyl vinyl ether, 
cyclohexyl vinyl ether, 2-ethylhexyl vinyl ether, tert- 
pentyl vinyl ether, octadecyl vinyl ether, cesyl vinyl 
ether, 2-methoxyethyl vinyl ether, vinyl-2-(2-ethoxyethoxy) 

1^ 10 ethyl ether, ethylene glycol butyl vinyl ether, tert-amyl 

O 

ri vinyl ether, or 2 , 3-dihydrof uran, 3 , 4-dihydro-2H-pyrane , 

5 

.q 1,4-dioxene and the like are preferable. Further, among 

m 

jj\ them ethyl vinyl ether, n-propyl vinyl ether, isopropyl vi- 



lli 



PI 



nyl ether, n-butyl vinyl ether, 2 , 3-dihydrof uran, 3,4- 



O 

y 15 dihydro-2H-pyrane are more preferable. The amount of these 



jjg alkyl vinyl ethers is usually 50 mol or less, preferably 

fy from 1 to 30 mol, further preferably from 2 to 20 mol based 

on 1 mol of a carboxylic acid to be converted into an ester. 
The alkoxyalkylesterif ication by addition of alkyl 
20 vinyl ethers is conducted usually in the presence of an 

acid, and examples of such an acid include hydrogen halides 
such as a hydrogen chloride gas and the like, mineral acids 
such as sulfuric acid, phosphoric acid, hydrochloric acid, 
hydrobromic acid and the like, solid acids such as heter- 
25 opolyacid, Nafion R and the like, organic acids such as p- 

toluenesulf onic acid, trif luoroacetic acid, propionic acid, 
malonic acid, oxalic acid, chlorosulf onic acid • pyridine 
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salt, trif luoroacetic acid • pyridine salt, sulfuric acid • 
pyridine salt, p-toluenesulf onic acid • pyridine salt and 
the like, and among them, a hydrogen chloride gas, hydro- 
chloric acid, trif luoroacetic acid, trif luoroacetic acid • 
pyridine salt, p-toluenesulf onic acid • pyridine salt and 
sulfuric acid • pyridine salt are preferably used. These 
acids can be used alone or in combination of two or more, 
and simultaneously or sequentially. The amount of these 
acid catalysts is usually 10 mol or less, preferably from 
0.00001 to 2 mol, further preferably from 0.001 to 0.5 
based on 1 mole of a carboxylic acid to be converted into 
an ester. 

In the method of converting a carboxylic acid func- 
tional group into an ester in the method of the present in- 
vention, a solvent is usually used. These solvents differ 
depending on the method used and the kind of the intended 
ester, and the like, and any of a water solvent and organic 
solvents may be used, and particularly, examples of the or- 
ganic solvent used include alcohols such as methanol, etha- 
nol and the like, ketones such as acetone and the like, 
ethers such as tetrahydrof uran, diethyl ether, dibutyl 
ether, dimethoxyethane, dioxane and the like, aromatic hy- 
drocarbons such as benzene, toluene, xylene, ethylbenzene 
and the like, aliphatic hydrocarbons such as pentane, hex- 
ane, heptane, cyclohexane, decalin and the like, halo- 
genated hydrocarbons such as methylene chloride, dichloro- 
ethane, tetrachloroethane, chloroform, chlorobenzene, or- 



thodichlorobenzene and the like, carboxylic acids such as 
acetic acid and the like, nitro compounds such as nitro- 
methane and the like, pyridines such as pyridine, lutidine 
and the like, f ormamides such as dimethylf ormamide and the 
like, and they may be mixed with water or alcohols, or only 
the organic solvent may be used. Further, two or more 
among them may be mixed and used. The reaction temperature 
is usually from 0 to 2 00°C, preferably from 10 to 150°C, 
more preferably from 0 to 200°C. The reaction time is usu- 
ally from 1 minute to 10 0 hours, preferably from 5 minutes 
to 30 hours, more preferably from 10 minutes to 20 hours. 

Embodiments of converting a carboxylic acid func- 
tional group into an ester in the method of the present in- 
vention are not particularly restricted, and any embodiment 
is permissible providing converting of a carboxylic acid 
functional group into an ester can be carried out effec- 
tively, and any embodiments under an inert gas atmosphere 
such as nitrogen and the like, under an air atmosphere, or 
at reduced pressure, normal pressure, increased pressure, 
or by batch-wise, semibatch-wise or continuous mode may be 
admitted. 

Further, after conversion of a carboxylic acid func- 
tional group into an ester, neutralization treatment may be 
effected appropriately with an alkali or acid. The method 
of recovering a polymer from a solution or slurry of a hy- 
drogenated ring-opening metathesis polymer, after conver- 
sion of a carboxylic acid functional group into an ester, 



is not particularly restricted, and known methods can be 
used. For example, in the case of a solution, methods in 
which a reaction solution is discharged into a poor solvent 
under stirring to precipitate a polymer hydrogenated mate- 
rial forming a slurry, and the polymer is recovered by a 
filtration method, centrifugal separation method, decanta- 
tion method and the like, a steam stripping method in which 
steam is blown into a reaction solution to precipitate a 
polymer, methods of directly removing a solvent from a re- 
action solution by heating and the like are listed, and in 
the case of a slurry, methods of recovering a polymer from 
a slurry itself by a filtration method, centrifugal separa- 
tion method, decantation method and the like, and other re- 
covering method are listed. 

The above-mentioned methods can produce a hydrogen- 
ated ring-opening metathesis polymer which contains if nec- 
essary a structural unit [A] of the general formula [1], 
contains a structural unit [B] of the general formula [3] 
and/or a structural unit [C] of the general formula [4], if 
necessary a structural unit [D] of the general formula [5], 
further if necessary a structural unit [E] of the general 
formula [7], furthermore if necessary a structural unit [F] 
of the general formula [22], and in which at least one of 
X 1 in the structural unit [A] of the general formula [1], 
X 2 in the structural unit [B] of the general formula [3] 
and X 3 in the structural unit [C] of the general formula 
[4] represents -0-, the constituting molar ratio of 



[A]/([B] and [C]) is 0/100 to 99/1, preferably 20/80 to 
99/1, and the ratio of the weight-average molecular weight 
Mw to the number-average molecular weight Mn (Mw/Mn) is 1.0 
to 2.0. 

The hydrogenated ring-opening metathesis polymer of 
the present invention is useful as a base polymer for a 
photoresist. For example, it is used together with an acid 
generator and a solvent providing a positive resist compo- 
sition. Here, the acid generator is a substance which, 
when exposed to an activating radiation ray, generates Br 0 
nsted acid or Lewis acid. Further, into a resist composi- 
tion, a dissolution inhibitor, surfactant, preservation 
stabilizer, sensitizer, striation preventing agent and the 
like can be added. This resist composition can be, for ex- 
ample, applied to the surface of a substrate such as a 
silicon wafer and the like by a conventional method such as 
spin coating and the like before removal of a solvent by 
drying, to form a resist film, and exposure for pattern 
formation is effected by irradiating a resist film with far 
ultraviolet ray, KrF excimer laser, ArF excimer laser, 
electron beam, and if thermal treatment (bake after expo- 
sure) is further conducted, further high sensitization can 
be carried out. Then, the exposed part is washed off by a 
developer such as an alkali aqueous solution and the like, 
to obtain a relief pattern. A relief pattern formed by us- 
ing a hydrogenated ring-opening metathesis polymer of the 
present invention is extremely excellent in both of resolu- 
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tion and contrast. Further, a substrate can be etched by 
using a pattern formed as described above as a mask. 

In the present invention, the molar ratio of a struc- 
tural unit [A] of the general formula [1] to a structural 
unit [B] of the general formula [2] and/or a structural 
unit [C] of the general formula [4] ([A]/([B] and [C] ) ) is 
20/80 to 99/1. Here, the structural unit [A] contains a 
tertiary ester group of a cyclic alkyl which is a group de- 
composed by an acid generated from a sensitizing agent in 
exposure, and necessary for making a resist pattern by de- 
velopment with an alkali aqueous solution, after exposure, 
and the structural units [B] and [C] are necessary for 
manifesting adhesion with a treating substrate such as a 
silicon substrate. If this molar ratio [A]/([B] and [C]) 
is less than 20/80, development is insufficient, and if 
over 99/1, adhesion with a treating substrate is not mani- 
fested. The structural unit [D] of the general formula [6] 
contains a carboxyl group, and can improved adhesion with a 
treating substrate such as a silicon substrate and can im- 
prove solubility into a solvent. Further, if the molar ra- 
tio of the structural units [A], [B] and [C] to the struc- 
tural unit [D] ( [A]+[B]+[C] )/[D] is from 100/0 to 20/80, 
wet tension is improved in development with an alkali aque- 
ous solution after exposure, and development irregularity 
is resolved. This range including these structural units 
is suitable for preparing a resist composition, and is ex- 
tremely important for a resist material which is dissolved 
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together with a sensitizing agent having high polarity into 
a polar solvent such as, for example, 2-heptanone and , the 
like and applied to a treating substrate such as a silicon 
substrate. Namely, a uniform and smooth coating film can 
5 be formed by enhancing the solubility in a polar solvent or 
the dissolving speed, in preparing a resist composition us- 
ing a hydrogenated ring-opening metathesis polymer. Fur- 
ther, inclusion of the structural unit [E] in addition to 
the structural units [A] and [B] and/or [C] indicates in- 
10 elusion of an ester group having different reactivity from 
that of an ester group contained in the structural unit [A] , 
and is useful since, consequently, decomposing property in 



s 

'•£] exposure can be freely controlled. In this case, the pref- 

ffl ^ 

erable molar ratio of the structural units 



15 ( [A] + [B] + [C] )/[E] is from 100/0 to 40/60. 

Further, particularly a hydrogenated ring-opening me- 
tathesis polymer in which at least one of x 1 in the struc- 
tural unit [A] of the general formula [1], x 2 in the struc- 
tural unit [B] of the general formula [3] and X 3 in the 

20 structural unit [C] of the general formula [4] represents - 
0- and the others represent -CH 2 - has effects of improving 
adhesion to a treating substrate such as a silicon sub- 
strate, improving wet tension in development with an alkali 
aqueous solution, and further improving solubility into a 

25 polar organic solvent of ketones, alcohols and the like 

used in a process of applying a resist agent onto a silicon 
wafer. Further, affinity to water is also improved, and 
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developing property with a releasing agent (or developer) 
such as an alkali aqueous solution and the like after expo- 
sure is also improved. 

The following examples illustrate the present inven- 
tion in detail below, but do not restrict the scope of the 
invention. 

Values of the physical properties of polymers ob- 
tained in examples were measured according to the following 
methods . 

Average molecular weight; The resulted" cyclic ole- 
fin-based ring-opening metathesis polymer and a hydrogen- 
ated material of this polymer were dissolved in tetrahydro- 
furan, and the molecular weight was calibrated by GPC, us- 
ing 830-RI and 875-UV manufactured by Nippon Bunko K.K. as 
a detector and Shodex k-805, 804, 803, 802.5 as a column, 
at room temperature and a flow rate of 1.0 ml/min. and 
utilizing polystyrene standard. 

Hydrogenating rate; A powder of a cyclic olef in- 
based hydrogenated ring-opening metathesis polymer was dis- 
solved in deuterated chloroform, and reduction degree of 
the peak assigned to a carbon-carbon double bond in the 
main chain at 5=4.0 to 6.5 ppm caused by a hydrogenation 
reaction was calculated by using 270 MHz- 1 H NMR. 

The proportion of carboxylic acid contained in the 
polymer; it was measured by neutralization titration using 
Bromothymol Blue as an indicator. 

UV absorption spectrum; A solution was applied onto 



a quartz glass plate by using a spin coater at a rotation 
of 3000 rpm to give a film thickness of 1.0 vm, and the UV 
absorption spectrum was measured by Shimadzu UV-3100. 

Adhesion strength to a silicon wafer substrate; A 
solution was likewise applied onto a substrate by a spin 
coater , and the resulting polymer film was baked for 10 
minutes at 120°C, and scratched to form cross cut according 
to the test method of JIS D0202, peeling was effected with 
a adhesive cellophane tape, and peeled states were observed 
visually. 

Criteria: ©: peeling of less than 5%, O: peeling of 
5 to 20%, A: peeling of 20 to 50%, X s peeling of 50% or 
more 

Example 1 

In a 300 ml Schlenk flask, 3 , 6-epoxy-l , 2 , 3 , 6- 
tetrahydrophthalide (2.43 g, 16 mmol) and 8-(l'- 
ethylcyclopentoxy ) carbonyltetracyclo [ 4 .4.0.12, 5.17, 10 ] -3- 
dodecene (7.21 g, 24 mmol) were dissolved, as cyclic olefin 
monomers, in tetrahydrof uran (hereinafter, referred to as 
THF), under a nitrogen atmosphere. To this was added W(N- 
2,6-Me 2 C 6 H 3 ) (CHCHCMe 2 ) ( OC ( CF 3 ) 2 Me ) 2 ( PMe 3 ) (462 mg, 0.57 
mmol) as a ring-opening metathesis polymerization catalyst, 
and the mixture was reacted for 1 hour at room temperature. 
Then, butylaldehyde (205 mg, 2.85 mmol) was added and the 
mixture was stirred for 30 minutes to terminate the reac- 
tion. 

This ring-opening metathesis polymer solution was 



O 
D 

W 

m 
m 

u 

rii 

m 
o 
ru 



added into methanol to precipitate a ring-opening metathe- 
sis polymer, which was filtrated, washed with methanol, and 
dried in vacuo, to give 9.4 6 g of a ring-opening metathesis 
polymer powder. 
5 Then, in a 200 ml autoclave, 9.0 g of this ring- 

opening metathesis polymer powder was dissolved in THF (100 
ml), and to this was added a previously prepared solution 
of dichlorotetrakis (triphenylphosphine) ruthenium (27 mg, 
0.022 mol) and triethylamine (11.3 mg, 0.108 mmol) in THF 

10 (20 ml) as a hydrogenation catalyst, and a hydrogenation 
reaction was conducted for 5 hours at a hydrogen pressure 
of 8.1 MPa and a temperature of 165°C, then, the tempera- 
ture was returned to room temperature, and a hydrogen gas 
was discharged. This hydrogenated ring-opening metathesis 

15 polymer solution was added into methanol to precipitate a 
hydrogenated ring-opening metathesis polymer which was 
separated by filtration and subjected to vacuum drying to 
provide 8.0 g of a hydrogenated ring-opening metathesis 
polymer in the form of a white powder. The hydrogenating 

20 rate calculated from 1 H-NMR of the resulted hydrogenated 

ring-opening metathesis polymer did not manifest a peak as- 
signed to a proton of an olefin in the main chain, and the 
hydrogenating rate was 100%, and the number-average molecu- 
lar weight Mn in terms of polystyrene standard measured by 

25 GPC was 37,600 and Mw/Mn was 1.10. The composition ratio 
of the structural units [A]/[B] in the resulted polymer was 
60/40. The 1H-NMR spectrum (270 MHz, solvent: deuterated 
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chloroform) of the hydrogenated ring-opening metathesis 
polymer obtained in Example 1 is shown in Fig. 1. 
Example 2 

Ring-opening metathesis polymerization was conducted 
5 in the same manner as in Example 1 except that the cyclic 
olefin monomers were changed to 6 , 9-methylene-2- 
oxaspiro[4,5]7-decen-l-one (1.31 g, 8 mmol ) , 3,6-epoxy- 
1,2,3,6-tetrahydrophthalide (1.83 g, 12 mmol) and 8-(l'- 
ethylcyclopentoxy)carbonyltetracyclo[4.4.0.12, 5.17, 10]-3- 

10 dodecene (6.01 g, 20 mmol) in Example 1, to give 9.10 g of 
a ring-opening metathesis polymer. 

Further, 9.0 g of the resulted ring-opening metathe- 
sis polymer was subjected to a hydrogenation reaction for 5 
hours at a hydrogen pressure of 8 . 1 MPa and a temperature 

15 of 165°C in the same manner as in Example 1, to provide 8.4 
g of a hydrogenated ring-opening metathesis polymer in the 
form of a white powder. The hydrogenating rate calculated 
from 1 H-NMR of the resulted hydrogenated ring-opening me- 
tathesis polymer did not manifest a peak assigned to a pro- 

20 ton of an olefin in the main chain, and the hydrogenating 
rate was 100%, and the number-average molecular weight Mn 
in terms of polystyrene standard measured by GPC was 35,600 
and Mw/Mn was 1.20. The composition ratio of the struc- 
tural units [A]/[B]/[C] in the resulted polymer was 

25 50/30/20. 

Example 3 

Ring-opening metathesis polymerization was conducted 
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in the same manner as in Example 1 except that the ring- 
opening metathesis polymerization catalyst was changed to 
Mo(N-2 / 6-iPr 2 C 6 H3)(CHCMe 3 )(OC(CF3) 2 Me) 2 (198 nig, 0.286 nunol), 
to give 9.25 g of a ring-opening metathesis polymer. 
5 Then, in a 200 ml autoclave, 9 . 0 g of this ring- 

opening metathesis polymer powder was dissolved in THF (100 
ml), and to this was added a previously prepared solution 
of chlorohydridecarbonyltris(triphenylphosphine) ruthenium 
(27 mg, 0.022 mol) and triethylamine (11.3 mg, 0.108 mmol) 
10 in THF (20 ml) as a hydrogenation catalyst, and a hydro- 
genation reaction was conducted for 5 hours at a hydrogen 
pressure of 8 . 1 MPa and a temperature of 165°C, then, the 
temperature was returned to room temperature) and a hydro- 
gen gas was discharged. This hydrogenated ring-opening me- 
15 tathesis polymer solution was added into methanol to pre- 
cipitate a hydrogenated ring-opening metathesis polymer 
which was separated by filtration and subjected to vacuum 
drying to provide 8 . 1 g of a hydrogenated ring-opening me- 
tathesis polymer in the form of a white powder. The hydro- 
20 genating rate calculated from 1 H-NMR of the resulted hydro- 
genated ring-opening metathesis polymer did not manifest a 
peak assigned to a proton of an olefin in the main chain, 
and the hydrogenating rate was 100%, and the. number-average 
molecular weight Mn in terms of polystyrene standard meas- 
25 ured by GPC was 75,200 and Mw/Mn was 1.15. The composition 
ratio of the structural units [A]/[B] in the resulted poly- 



mer was 60/40. 
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Example 4 

Ring-opening metathesis polymerization was conducted 
in the same manner as in Example 2 except that the ring- 
opening metathesis polymerization catalyst was changed to 
5 Ru(P(C 6 H 11 ) 3 ) 2 (CHPh)Cl 2 (470 mg, 0.57 mmol ) , to give 9.0 g 
of a ring-opening metathesis polymer. 

Further, 9.0 g of the resulted ring-opening metathe- 
sis polymer was subjected to a hydrogenation reaction for 5 
hours at a hydrogen pressure of 8 . 1 MPa and a temperature 
10 of 165°C in the same manner as in Example 2, to provide 8.6 
g of a hydrogenated ring-opening metathesis polymer in the 
form of a white powder. The hydrogenating rate calculated 
from 1 H-NMR of the resulted hydrogenated ring-opening me- 
tathesis polymer did not manifest a peak assigned to a pro- 
15 ton of an olefin in the main chain, and the hydrogenating 
rate was 100%, and the number-average molecular weight Mn 
in terms of polystyrene standard measured by GPC was 33,100 
and Mw/Mn was 1.37. The composition ratio of the struc- 
tural units [A]/[B]/[ C ] in the resulted polymer was 
20 50/30/20. 

Example 5 

In a 1000 ml autoclave equipped with a magnetic stir- 
rer, 3,6-epoxy-l,2,3,6-tetrahydrophthalide (17.0 g, ill. 7 
mmol) and 8- ( 1 • - 

25 ethylcyclopentoxy)carbonyltetracyclo[4.4.0.12, 5.17, 10]-3- 
dodecene (33.57 g, m. 7 mmol) were dissolved, as cyclic 
olefin monomers, in tetrahydrof uran (550 ml), under a ni- 
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trogen atmosphere. To this was added 1 , 5-hexadiene (1.5 ml, 
12.3 mmol) as a chain transfer agent and Mo(N-2,6- 
iPr 2 c 6 H 3 ) (CHCMe 2 ) (OC(CF 3 ) 2 Me) 2 (786 mg, 1,12 mmol) as a 
ring-opening metathesis polymerization catalyst, and they 
5 were reacted for 2 hours at room temperature. Then, buty- 
laldehyde (4 04 mg, 5.60 mmol) was added and the mixture was 
stirred for 30 minutes to terminate the reaction. 

This ring-opening metathesis polymer solution was 
added into methanol to precipitate a ring-opening metathe- 
10 sis polymer which was filtrated, washed with methanol, and 
dried in vacuo, to give 42.5 g of a ring-opening metathesis 
polymer powder. 

Then, in a 1000 ml autoclave, 40.0 g of this ring- 
opening metathesis polymer powder was dissolved in THF (400 
15 ml), and to this was added a previously prepared solution 
of chlorohydridecarbonyltris(triphenylphosphine) ruthenium 
(20 mg, 0.02 mol ) in THF (20 ml) as a hydrogenation cata- 
lyst, and a hydrogenation reaction was conducted for 20 
hours at a hydrogen pressure of 6 . 0 MPa and a temperature 
20 of 100°C, then, the temperature was returned to room tem- 
perature, and a hydrogen gas was discharged. This hydro- 
genated ring-opening metathesis polymer solution was added 
into methanol to precipitate a hydrogenated ring-opening 
metathesis polymer which was separated by filtration and 
25 subjected to vacuum drying to provide 38.5 g' of a hydrogen- 
ated ring-opening metathesis polymer in the form of a white 
powder. The hydrogenating rate calculated from ^-NMR of 
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the resulted hydrogenated ring-opening metathesis polymer 
did not manifest a peak assigned to a proton of an olefin 
in the main chain, and the hydrogenating rate was 100%, and 
the number-average molecular weight Mn in terms of polysty- 
rene standard measured by GPC was 8260 and Mw/Mn was 1.32. 
The composition ratio of the structural units [A]/[B] in 
the resulted polymer was 50/50. 
Example 6 

In a 1000 ml autoclave equipped with a magnetic stir- 
rer, 3,6-epoxy-l,2,3,6-tetrahydrodimethylphthalide (11.41 g, 
75.0 mmol) and 8- ( 2 ' -ethyl-2 ' - 

norborny loxy ) carbony lte tr acyc lo [4. 4. 0.12, 5.17, 1 0 ] -3 - 
dodecene (36.73 g, 112.5 mmol) were dissolved, as cyclic 
olefin monomers, in tetrahydrof uran (500 ml), under a ni- 
trogen atmosphere. To this was added 1 , 6-heptadiene (3.17 
ml, 23.41 mmol) as a chain transfer agent and W(N-2,6- 
iPr 2 C 6 H 3 ) (CHCMe 2 ) (OC(CF 3 ) 2 Me) 2 (740 mg, 0.935 mmol) as a 
ring-opening metathesis polymerization catalyst, and they 
were reacted for 3 hours at room temperature. Then, buty- 
laldehyde (360 mg, 5.00 mmol) was added and the mixture was 
stirred for 30 minutes to terminate . the reaction. 

This ring-opening metathesis polymer solution was 
added into methanol to precipitate a ring-opening metathe- 
sis polymer which was filtrated, washed with methanol, and 
dried in vacuo, to give 48.9 g of a ring-opening metathesis 
polymer powder. 

Then, into a 500 ml autoclave, 40.0 g of this ring- 
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opening metathesis polymer powder, 5% palladium carbon (5.0 
g, 2.35 mmol as palladium) as a hydrogenation catalyst, and 
THF (300 ml) as a solvent were added, and a hydrogenation 
reaction was conducted for 2 4 hours at a hydrogen pressure 
of 8.0 MPa and a temperature of 120°C, then, 'the tempera- 
ture was returned to room temperature, and a hydrogen gas 
was discharged. After removal of palladium carbon used as 
a catalyst by filtration, this hydrogenated ring-opening 
metathesis polymer solution was added into methanol to pre- 
cipitate a hydrogenated ring-opening metathesis polymer 
which was separated by filtration and subjected to vacuum 
drying to provide 39.1 g of a hydrogenated ring-opening me- 
tathesis polymer in the form of a white powder. The hydro- 
genating rate calculated from 1 H-NMR of the resulted hydro- 
genated ring-opening metathesis polymer was 99%, and the 
number-average molecular weight Mn in terms of polystyrene 
standard measured by GPC was 4 690 and Mw/Mn was 1.38. The 
composition ratio of the structural units [A]/[B] in the 
resulted polymer was 60/40. 
Example 7 

In a, 1000 ml autoclave equipped with a magnetic stir- 
rer , 3 , 6 -epoxy- 1,2,3,6 -tetrahydromonomethy Iphthalide (19.94 
g, 120.0 mmol) and 8- ( 2 ' -ethyl-2 ' - 

adamantyloxy ) carbonyltetracyclo [4.4.0.12, 5.17, 10] -3- 
dodecene (28.20 g, 80.0 mmol) were dissolved, as cyclic 
olefin monomers, in 600 ml of toluene, under- a nitrogen at- 
mosphere. To this was added 1-octene (10.3 ml, 65.0 mmol) 

-95- 



as a chain transfer agent and Re (CBu*- ) (CHBu*- ) (OC (CF 3 ) 2 Me ) 2 
(687.6 mg, 1.00 mmol) as a ring-opening metathesis polym- 
erization catalyst, and they were reacted for 6 hours at 
50°C. Then, butylaldehyde (360 mg, 5.00 mmol) was added 
5 and the mixture was stirred for 30 minutes to terminate the 
reaction. 

This ring-opening metathesis polymer solution was 
added into methanol to precipitate a ring-opening metathe- 
sis polymer which was filtrated, washed with methanol, and 

^ 10 dried in vacuo, to give 46.3 g of a ring-opening metathesis 

5=4 polymer powder. 

£ Then, into a 10 00 ml autoclave, 40.0 g of this ring- 

m 

opening metathesis polymer powder, dihydride- 

tetrakis (triphenylphosphine) ruthenium (12.0 mg, 0.013 

M 

~j 15 mmol) and triethylamine (4.05 mg, 0.04 mmol) as hydrogena- 

ru 

m tlon cat alysts, and toluene (600 ml) as a solvent were 

O 

flj added, and a hydrogenation reaction was conducted for 24 

hours at a hydrogen pressure of 8.0 MPa and a temperature 
of 100°C, then, the temperature was returned to room tem- 
20 perature, and a hydrogen gas was discharged. This hydro- 
genated ring-opening metathesis polymer solution was added 
into methanol to precipitate a hydrogenated ring-opening 
metathesis polymer which was separated by filtration and 
subjected to vacuum drying to provide 38.8 g of a hydrogen- 
25 ated ring-opening metathesis polymer in the form of a white 
powder. The hydrogenating rate calculated from 1 H-NMR of 
the resulted hydrogenated ring-opening metathesis polymer 
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was 10 0%, and the number-average molecular weight Mn in 
terms of polystyrene standard measured by GPC was 2880 and 
Mw/Mn was 1.42. The composition ratio of the structural 
units [A]/[B] in the resulted polymer was 40/60. 
Example 8 

2 0.0 g of the hydrogenated ring-opening, metathesis 
polymer obtained in Example 5 was added to a solution of 
5.0 ml of trif luoroacetic acid in 1000 ml of toluene, in a 
2 00 0 ml eggplant form flask, and the mixture was stirred 
for 3 hours at 70°C, the solvent was removed, then, the re- 
sulted mixture was further dissolved in THF and added into 
methanol to form a precipitate which was filtrated and 
dried in vacuo to obtain 17.8 g of a hydrogenated ring- 
opening metathesis polymer partially ester-decomposed in 
the form of a white powder. The composition ratio of the 
structural units [A]/[B]/[D] in the resulted polymer was 
30/50/20, and the number-average molecular weight Mn meas- 
ured by GPC was 8150, and Mw/Mn was 1.33. 
Example 9 

15.0 g of the hydrogenated ring-opening metathesis 
polymer obtained in Example 6 was added to a solution of 
5.0 ml of trif luoroacetic acid in 1000 ml of benzene, in a 
2000 ml eggplant form flask, and the mixture was stirred 
for 2 hours at 70°C, the solvent was removed, then, the re- 
sulted mixture was further dissolved in THF and added into 
methanol to form a precipitate which was filtrated and 
dried in vacuo to obtain 13.1 g of a hydrogenated ring- 
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opening metathesis polymer partially ester-decomposed in 
the form of a white powder. The composition ratio of the 
structural units [A]/[B]/[D] in the resulted polymer was 
40/40/20, and the number-average molecular weight Mn meas- 
ured by GPC was 449 0, and Mw/Mn was 1.35. 
Example 10 

15.0 g of the hydrogenated ring-opening' metathesis 
polymer obtained in Example 7 was added to a solution of 
10.0 ml of concentrated hydrochloric acid in 1000 ml of THF, 
in a 2000 ml eggplant form flask, and the mixture was 
stirred for 6 hours at 60°C, the resulted mixture was added 
into methanol to form a precipitate which was filtrated and 
dried in vacuo to obtain 13.0 g of a hydrogenated ring- 
opening metathesis polymer partially ester-decomposed in 



y 15 the form of a white powder. The composition ratio of the 

PLJ 

m structural units [A]/[B]/[D] in the resulted polymer was 



20 



j\j 25/60/15, and the number-average molecular weight Mn meas- 

ured by GPC was 2 810, and Mw/Mn was 1.39. 
Example 11 

In a 500 ml autoclave equipped with a magnetic stir- 
rer, 3,6-epoxy-l,2,3, 6-tetrahydrophthalide (9.89 g, 65.0 
mmol ) , 8- ( 1 ' -ethylcyclopentoxy ) carbonyltetracyclo [4.4.0.12, 
5.17, 10]-3-dodecene (11.72 g, 39.0 mmol) and 8-tert- 
butoxycarbonyltetracyclo[4.4.0.12, 5.17, 10]-3-decene (6.77 
g, 26.0 mmol) were dissolved, as cyclic olefin monomers, in 
30 0 ml of tetrahydrof uran, under a nitrogen atmosphere. To 
this was added 1 , 5-hexadiene (0.75 ml, 6.5 mmol) as a chain 
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transfer agent and Mo(N-2 , 6-iPr 2 C 6 H 3 ) (CHCMe 2 Ph) (OC(CF 3 ) 2 Me) 2 
(536 mg, 0.70 nunol) as a ring-opening metathesis polymeri- 
zation catalyst, and they were reacted for 2 hours at room 
temperature. Then, butylaldehyde (250 mg, 3.47 mmol) was 
added and the mixture was stirred for 3 0 minutes to termi- 
nate the reaction. 

This ring-opening metathesis polymer solution was 
added into methanol to precipitate a ring-opening metathe- 
sis polymer which was filtrated, washed with methanol, and 
dried in vacuo, to give 26.6 g of a ring-opening metathesis 
polymer powder. 

Then, in a 500 ml autoclave, 20.0 g of this ring- 
opening metathesis polymer powder was dissolved in THF (300 
ml), and to this was added a previously prepared solution 
of triethylamine (11.74 mg, 0.116 mmol) and dichloro- 
tris(triphenylphosphine) osmium (30.0 mg, 0.029 mmol) in THF 
(20 ml) as a hydrogenation catalyst, and a hydrogenation 
reaction was conducted for 20 hours at a hydrogen pressure 
of 6.0 MPa and a temperature of 100°C, then, the tempera- 
ture was returned to room temperature, and a hydrogen gas 
was discharged. This hydrogenated ring-opening metathesis 
polymer solution was added into methanol to precipitate a 
hydrogenated ring-opening metathesis polymer which was 
separated by filtration and subjected to vacuum drying to 
provide 18.8 g of a hydrogenated ring-opening metathesis 
polymer in the form of a white powder. The hydrogenating 
rate calculated from 1 H-NMR of the resulted hydrogenated 
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ring-opening metathesis polymer was 100%, and the number- 
average molecular weight Mn in terms of polystyrene stan- 
dard measured by GPC was 9110 and Mw/Mn was 1.43. The com- 
position ratio of the structural units [A]/[B]/[E] in the 
resulted polymer was 30/50/20. 
Example 12 

In a 500 ml autoclave equipped with a magnetic stir- 
rer, 3,6-epoxy-l,2,3, 6-tetrahydrophthalide (9.13 g, 60.0 
mmol ) , 8- ( 1 1 -ethylcyclopentoxy ) carbonyltetracyclo [4.4.0.12, 
5.17, 10]-3-dodecene (14.42 g, 48.0 mmol) and 8- 
methoxycarbonyltetracyclo[ 4 .4.0.12, 5.17, 10 ] -3-decene 
(2.62 g, 12.0 mmol) were dissolved, as cyclic olefin mono- 
mers, in 350 ml of toluene, under a nitrogen atmosphere. 
To this was added 1 , 5-hexadiene (0.70 ml, 6.0 mmol) as a 
chain transfer agent and W(N-2,6- 

Me 2 C 6 H 3 ) (CHCHCMe 2 ) ( OC ( CF 3 ) 2 Me ) 2 (440 mg, 0.60 mmol) as a 
ring-opening metathesis polymerization catalyst, and they 
were reacted for 5 hours at room temperature. Then, buty- 
laldehyde (216 mg, 3.0 mmol) was added and the mixture was 
stirred for 3 0 minutes to terminate the reaction. 

This ring-opening metathesis polymer solution was 
added into methanol to precipitate a ring-opening metathe- 
sis polymer which was filtrated, washed with methanol, and 
dried in vacuo, to give 24.7 g of a ring-opening metathesis 
polymer powder. 

Then, in a 500 ml autoclave, 20.0 g of this ring- 
opening metathesis polymer powder was dissolved in toluene 



(350 ml), and to this was added a solution of di- 
chlorobis(triphenylphosphine) palladium (66,0 mg, 0.094 
mmol) in toluene (30 ml) as a hydrogenation catalyst, and a 
hydrogenation reaction was conducted for 2 0 hours at a hy- 
drogen pressure of 6.0 MPa and a temperature of 100°C, then, 
the temperature was returned to room temperature, and a hy- 
drogen gas was discharged. This hydrogenated ring-opening 
metathesis polymer solution was added into methanol to pre- 
cipitate a hydrogenated ring-opening metathesis polymer 
which was separated by filtration and subjected to vacuum 
drying to provide 17.9 g of a hydrogenated ring-opening me- 
tathesis polymer in the form of a white powder. The hydro- 
genating rate calculated from 1 H-NMR of the resulted hydro- 
genated ring-opening metathesis polymer was 100%, and the 
number-average molecular weight Mn in terms of polystyrene 
standard measured by GPC was 8810 and Mw/Mn was 1.24. The 
composition ratio of the structural units [A]/[B]/[E] in 
the resulted polymer was 40/50/10. 
Example 13 

9.0 g of the hydrogenated ring-opening metathesis 
polymer obtained in Example 12 was added to 400 ml of a 5% 
potassium hydroxide methanol aqueous solution, in a 1000 ml 
flask, and the mixture was stirred for 3 hours at 80°C, 
then, the mixture was added into 1000 ml of a 2% hydrochlo- 
ric acid aqueous solution for neutralization to form a pre- 
cipitate which was filtrated, washed with water and dried 
in vacuo to obtain 8.4 g of a hydrogenated ring-opening me- 
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tathesis polymer partially hydrolyzed in the form of a 
white powder. The composition ratio of the structural 
units [A]/[B]/[D] in the resulted polymer was 40/50/10, and 
the number-average molecular weight Mn measured by GPC was 
8730, and Mw/Mn was 1.25. 
Example 14 

in a 500 ml autoclave equipped with a magnetic stir- 
rer, 3,6-epoxy-l,2,3,6-tetrahydrophthalide (9.13 g, 60.0 
mmol) , 8-(l '-ethylcyclopentoxy)carbonyltetracyclo[4.4 i 0. 12, 
5.17, 10]-3-dodecene (9.01 g, 30.0 mmol) and 8- 
( tetrahydropyran-2 • -yl ) oxycarbonyltetracyclo- 
[4.4.0. l 2 - 5 .l 7 - 10 ]-3-decene (8.65 g, 30.0 mmol) were dis- 
solved, as cyclic olefin monomers, in 320 ml of THF, under 
a nitrogen atmosphere. To this was added 1 , 5-hexadiene 

(0.70 ml, 6.0 mmol) as a chain transfer agent and W(N-2,6- 

ry 

jjg Me 2 C 6 H 3 )(CHCHCMe 2 )(OBu t ) 2 (PMe 3 ) (356 mg, 0.60-mmol) as a 

fU ring-opening metathesis polymerization catalyst, and they 

were reacted for 5 hours at room temperature. Then, buty- 
laldehyde (216 mg, 3.0 mmol) was added and the mixture was 
20 stirred for 30 minutes to terminate the reaction. 

This ring-opening metathesis polymer solution was 
added into methanol to precipitate a ring-opening metathe- 
sis polymer which was filtrated, washed with methanol, and 
dried in vacuo, to give 24.3 g of a ring-opening metathesis 
25 polymer powder. 

Then, in a 500 ml autoclave, 20.0 g of this ring- 
opening metathesis polymer powder was dissolved in THF (300 

-102- 



15 



ml), and to this was added a solution of chloro- 
tris(triphenylphosphine) rhodium (91.0 mg, 0.10 mmol) as a 
hydrogenation catalyst in THF (30 ml), and a hydrogenation 
reaction was conducted for 20 hours at a hydrogen pressure 
of 6.0 MPa and a temperature of 100°C, then, the tempera- 
ture was returned to room temperature, and a- hydrogen gas 
was discharged. This hydrogenated ring-opening metathesis 
polymer solution was added into methanol to precipitate a 
hydrogenated ring-opening metathesis polymer which was 
separated by filtration and subjected to vacuum drying to 
provide 17.1 g of a hydrogenated ring-opening metathesis 
g polymer in the form of a white powder. The hydrogenating 

rate calculated from 1 H-NMR of the resulted hydrogenated 
ring-opening metathesis polymer was 100%, and the number- 
average molecular weight Mn in terms of polystyrene stan- 
dard measured by GPC was 9620 and Mw/Mn was 1.19. The com- 
position ratio of the structural units [A]/[B]/[E] in the 
resulted polymer was 25/50/25. 
Example 15 

8.0 g of the hydrogenated ring-opening metathesis 
polymer obtained in Example 14 was added to a solution of 
3.0 ml of trif luoroacetic acid in 500 ml of toluene, in a 
1000 ml eggplant form flask, and the mixture was stirred 
for 3 hours at 3 0°C, the solvent was distilled off, and the 
resulted mixture was further dissolved in THF and added 
into methanol to form a precipitate which was filtrated, 
and dried in vacuo to obtain 6 . 8 g of a white powder. As a 
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result of NMR analysis, the product was a hydrogenated 
ring-opening metathesis polymer in which only a tetrahydro- 
pyranyl group had been ester-decomposed . The composition 
ratio of the structural units [A]/[B]/[D] in the resulted 
5 polymer was 25/50/25, and the number-average molecular 
weight Mn measured by GPC was 90 60, and Mw/Mn was 1.21. 
Example 16 

In a 500 ml three-necked eggplant form flask equipped 
with a 100 ml dropping funnel, stirred and three-way cock, 
10 8.0 g of the hydrogenated ring-opening metathesis polymer 
partially ester-decomposed obtained in Example 8 was added 
^ under a nitrogen atmosphere flow to a solution of 80 mg of 

m 

P p-toluenesulfonic acid • pyridine salt in 200 ml of toluene, 

S3 

o 



o ' 



ill 



to this was added dropwise a solution of 5 , 6-dihydropyran 
15 (10 g) in 70 ml of toluene over about 1 hour while stirring 

b at 25 ° C / and after completion of addition, the mixture was 

O 

ITJ stirred for 2 hours at 25°C. After removal of the solvent, 

the resulted mixture was further dissolved in THF and added 
into methanol to give a precipitate which was filtrated and 

20 subjected to drying under reduced pressure to obtain 6.6 g 
of a hydrogenated ring-opening metathesis polymer partially 
esterified in the form of a while powder. The composition 
ratio of the structural units [ A] / [B] / [ D ] / [E ] in the re- 
sulted polymer was 30/50/5/15, and the number-average mo- 

25 lecular weight Mn measured by GPC was 8200, and Mw/Mn was 
1.33. 

Example 17 
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In a 500 ml autoclave equipped with a magnetic stir- 
rer, 4-oxatricyclo[5.2.1.0 2 - 6 ]dec-8-en-3-one (4.51 g, 30.0 
mmol ) , 8- ( 1 1 -ethylcyclopentoxy ) carbonyltetracyclo [ 4 .4.0.12, 
5.17, 10]-3-dodecene (12.02 g, 40.0 mmol) and 5-(l'- 
ethylcyclopentoxy ) carbonyl-6-methoxycarbonyl-7- 
oxabicyclo[2.2.1]hept-2-ene (8.83 g, 30.0 mmol) were dis- 
solved, as cyclic olefin monomers, in 350 ml of THF, under 
a nitrogen atmosphere. To this was added l-hexene (0.42 ml, 
3.5 mmol) as a chain transfer agent and W(N-2,6- 
iPr 2 C 6 H 3 ) (CHCMe 3 ) (OBu t ) 2 (288 mg, 0.50 mmol) as a ring- 
opening metathesis polymerization catalyst, and they were 
reacted for 5 hours at room temperature. Then, butylalde- 
hyde (180 mg, 2.5 mmol) was added and the mixture was 
stirred for 30 minutes to terminate the reaction. 

This ring-opening metathesis polymer solution was 
added into methanol to precipitate a ring-opening metathe- 
sis polymer which was filtrated, washed with methanol, and 
dried in vacuo, to give 23.3 g of a ring-opening metathesis 
polymer powder. 

Then, in a 1000 ml autoclave, 20.0 g of this ring- 
opening metathesis polymer powder was dissolved in THF (500 
ml), and to this was added a previously prepared solution 
of triethylamine (4.86 mg, 0.048 mmol) and di- 
chlorobis ( tetrahydrof uran ) bis ( triphenylphosphine ) ruthenium 
(4.0 mg, 0.0048 mmol) in THF (100 ml) as a hydrogenation 
catalyst, and a hydrogenation reaction was conducted for 2 0 
hours at a hydrogen pressure of 6 . 0 MPa and a temperature 



of 100°C, then, the temperature was returned to room tem- 
perature, and a hydrogen gas was discharged. This hydro- 
genated ring-opening metathesis polymer solution was added 
into methanol to precipitate a hydrogenated ring-opening 
metathesis polymer which was separated by filtration and 
subjected to vacuum drying to provide 18,1 g of a hydrogen- 
ated ring-opening metathesis polymer in the form of a white 
powder. The hydrogenating rate calculated from ^H-NMR of 
the resulted hydrogenated ring-opening metathesis polymer 
was 100%, and the number-average molecular weight Mn in 
terms of polystyrene standard measured by GPC was 12600 and 
Mw/Mn was 1.39. The composition ratio of the structural 
units [A]/[A]'/[E] in the resulted polymer was 40/30/30. 
Example 18 

In a 500 ml autoclave equipped with a magnetic stir- 
rer , 5-oxapentacyclo- [ 7 . 4 . 0 . 0 3 ' 7 . 1 2 ' 8 . 1 10 • 13 ] -pentadec-1 1- 
en-4-one (10.81 g, 50.0 mmol) and 5-(l'- 

ethylcyclopentoxy ) carbonyl-7-oxabicyclo [2.2.1] hept-2-ene 
(11.82 g, 50.0 mmol) were dissolved, as cyclic olefin mono- 
mers, in 250 ml of THF, under a nitrogen atmosphere. To 
this was added 1-heptene (0.64 ml, 6.5 mmol) as a chain 
transfer agent and W(N-2 , 6-Me 2 C 6 H 3 ) ( CHCHCMePh ) ( OBu* ) 2 (PMe 3 ) 
(32 8 mg, 0.50 mmol) as a ring-opening metathesis polymeri- 
zation catalyst, and they were reacted for 5 hours at room 
temperature. Then, butylaldehyde (258 mg, 3.0 mmol) was 
added and the mixture was stirred for 30 minutes to termi- 
nate the reaction. 
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This ring-opening metathesis polymer solution was 
added into methanol to precipitate a ring-opening metathe- 
sis polymer which was filtrated, washed with methanol, and 
dried in vacuo, to give 2 0.8 g of a ring-opening metathesis 
polymer powder. 

Then, in a 500 ml autoclave, 15.0 g of this ring- 
opening metathesis polymer powder was dissolved in THF (300 
ml), and to this was added a previously prepared solution 
of triethylamine (4.9 mg, 0.02 mmol) and 
chlorohydridecarbony ltris ( triphenylphosphine ) ruthenium 
(9.5 mg, 0.01 mmol) in THF (30 ml) as a hydrogenation 
catalyst, and a hydrogenation reaction was conducted for 42 
hours at a hydrogen pressure of 10.0 MPa and a temperature 
of 80°C, then, the temperature was returned to room 
temperature, and a hydrogen gas was discharged. This 
hydrogenated ring-opening metathesis polymer solution was 
added into methanol to precipitate a hydrogenated ring- 
opening metathesis polymer which was separated by 
filtration and subjected to vacuum drying to provide 12.3 g 
of a hydrogenated ring-opening metathesis polymer in the 
form of a white powder. The hydrogenating rate calculated 
from 1 H-NMR of the resulted hydrogenated ring-opening 
metathesis polymer was 10 0%, and the number-average 
molecular weight Mn in terms of polystyrene standard 
measured by GPC was 8450 and Mw/Mn was 1.29. The 
composition ratio of the structural units [A]/[B] in the 
resulEadmpdfeyiJiSr was 50/50. 



in a 500 ml autoclave equipped with a magnetic stir- 
rer, 3,6-epoxy-l,2,3,6-tetrahydrophthalide (11.41 g, 75.0 
mmol ) , 8- ( 1 • -ethylcyclopentoxy )carbonyltetracyclo[ 4 . 4.0.12, 
5.17, 10]-3-dodecene (7.51 g, 25.0 mmol) and 8-(2'-ethyl- 
5 2 '-norbornyloxy)carbonyltetracyclo[4.4.0.12, 5.17, 10]-3- 
decene (8.16 g, 25.0 mmol) were dissolved, as cyclic olefin 
monomers, in 3 00 ml of THF , under a nitrogen atmosphere. 
To this was added 1 , 5-hexadiene (1.04 ml, 9.0 mmol) as a 
chain transfer agent and W(N-2,6- 
10 iPr 2 C 6 H 3 )(CHCMe3)(OBu t ) 2 (PMe 3 ) (652 mg, 1.0 0 mmol) as a 

ring-opening metathesis polymerization catalyst, and they 
were reacted for 5 hours at room temperature. Then, buty- 
laldehyde (432 mg, 6.0 mmol) was added and the mixture was 
stirred for 30 minutes to terminate the reaction, 
y 15 This ring-opening metathesis polymer solution was 

j| added into methanol to precipitate a ring-opening metathe- 

sis polymer which was filtrated, washed with methanol, and 
dried in vacuo, to give 25.1 g of a ring-opening metathesis 
polymer powder. 

20 Then, in a 1000 ml autoclave, 10.0 g of this ring- 

opening metathesis polymer powder was dissolved in toluene 
(350 ml), and to this was added a previously prepared solu- 
tion of triethylamine (15.2 mg, 0.15 mmol) and dichloro- 
tris(trimethylphosphite) ruthenium (44.8 mg, 0.10 mmol) in 
25 THF (200 ml) as a hydrogenation catalyst, and a hydrogena- 
tion reaction was conducted for 20 hours at a hydrogen 
pressure of 10.0 MPa and a temperature of 70°C, then, the 
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temperature was returned to room temperature, and a hydro- 
gen gas was discharged. This hydrogenated ring-opening me- 
tathesis polymer solution was added into methanol to pre- 
cipitate a hydrogenated ring-opening metathesis polymer 
which was separated by filtration and subjected to vacuum 
drying to provide 8.8 g of a hydrogenated ring-opening me- 
tathesis polymer in the form of a white powder. The hydro- 
genating rate calculated from 1 H-NMR of the resulted hydro- 
genated ring-opening metathesis polymer was 100%, and the 
number-average molecular weight Mn in terms of polystyrene 
standard measured by GPC was 8330 and Mw/Mn was 1.44. The 
composition ratio of the structural units [A]/[A']/[B] in 
the resulted polymer was 20/20/60. 
Example 20 

In a 500 ml Schlenk flask, 3 , 6-epoxy-l , 2 , 3 , 6- 
tetrahydrophthalide (2.43 g, 16 mmol) and 8-(l'- 
ethylcyclopentoxy ) carbonyl-8-methyltetracyclo [4.4.0.12, 
5.17, 10 ]-3-dodecene (7.55 g, 24 mmol) and were dissolved, 
as cyclic olefin monomers, in 200 ml of tetrahydrof uran, 
under a nitrogen atmosphere. To this was added W(N-2,6- 
iPr 2 C 6 H 3 ) (CHCHCMe 2 ) (OC (CF 3 ) 2 Me ) 2 ( PMe 3 ) (606 mg, 0.70 mmol) 
as a ring-opening metathesis polymerization catalyst, and 
they were reacted at room temperature for 30 minutes. Then, 
butylaldehyde (202 mg, 2.80 mmol) was added and the mixture 
was stirred for 1 hour to terminate the reaction. 

This ring-opening metathesis polymer solution was 
added into methanol to precipitate a ring-opening metathe- 



sis polymer which was filtrated, washed with methanol, and 
dried in vacuo, to give 9.13 g of a ring-opening metathesis 
polymer powder. 

Then, in a 500 ml autoclave, 9.0 g of this ring- 
opening metathesis polymer powder was dissolved in toluene 
(250 ml), and to this was added a previously prepared solu- 
tion of triethylamine (11.3 mg, 0.108 mmol) and dichloro- 
tetrakis(triphenylphosphine) ruthenium (27 mg, 0.022 mmol) 
in THF (50 ml) as a hydrogenation catalyst, and a hydro- 
genation reaction was conducted for 16 hours at a hydrogen 
pressure of 9.0 MPa and a temperature of 120°C, then, the 
temperature was returned to room temperature, and a hydro- 
gen gas was discharged. This hydrogenated ring-opening me- 
tathesis polymer solution was added into methanol to pre- 
cipitate a hydrogenated ring-opening metathesis polymer 
which was separated by filtration and subjected to vacuum 
drying to provide 7 . 4 g of a hydrogenated ring-opening me- 
tathesis polymer in the form of a white powder. The hydro- 
genating rate calculated from 1 H-NMR of the resulted hydro- 
genated ring-opening metathesis polymer was 100%, and the 
number-average molecular weight Mn in terms of polystyrene 
standard measured by GPC was 2 8,600 and Mw/Mn was 1.07. 
The composition ratio of the structural units [A]/[B] in 
the resulted polymer was 60/40. 
Example 21 

In a 500 ml Schlenk flask, 3 , 6-epoxy-l , 2 , 3 , 6- 
tetrahydrophthalide (4.56 g, 30.0 mmol) and 8-[(l*- 



ethylcyclopentoxy )carbonylmethyleneltetracyclo[ 4 .4.0.12, 
5.17, 10 ]-3-dodecene (6.29 g, 20.0 mmol) were dissolved, as 
cyclic olefin monomers, in 200 ml of tetrahydrof uran, under 
a nitrogen atmosphere. To this was added W(N-2,6- 
iPr 2 C 6 H 3 ) (CHCHCMe 2 ) ( OC ( CF 3 ) 2 Me ) 2 ( PMe 3 ) (606 mg, 0.70 mmol) 
as a ring-opening metathesis polymerization catalyst, and 
they were reacted at room temperature for 30 minutes. Then, 
butylaldehyde (202 mg, 2.80 mmol) was added and the mixture 
was stirred for 1 hour to terminate the reaction. 

This ring-opening metathesis polymer solution was 
added into methanol to precipitate a ring-opening metathe- 
sis polymer which was filtrated, washed with' methanol , and 
dried in vacuo, to give 9.98 g of a ring-opening metathesis 
polymer powder. 

Then, in a 500 ml autoclave, 9 . 0 g of this ring- 
opening metathesis polymer powder was dissolved in toluene 
(250 ml), and to this was added a previously prepared solu- 
tion of triethylamine (10.1 mg, 0.10 mmol) and dichloro- 
tetrakis(triphenylphosphine) ruthenium (61 mg, 0.05 mmol) 
in THF (250 ml) as a hydrogenation catalyst, and a hydro- 
genation reaction was conducted for 16 hours at a hydrogen 
pressure of 9 . 0 MPa and a temperature of 90°C, then, the 
temperature was returned to room temperature, and a hydro- 
gen gas was discharged. This hydrogenated ring-opening me- 
tathesis polymer solution was added into methanol to pre- 
cipitate a hydrogenated ring-opening metathesis polymer 
which was separated by filtration and subjected to vacuum 



drying to provide 8 . 0 g of a hydrogenated ring-opening me- 
tathesis polymer in the form of a white powder. The hydro- 
genating rate calculated from 1 H-NMR of the resulted hydro- 
genated ring-opening metathesis polymer was 100%, and the 
number-average molecular weight Mn in terms of polystyrene 
standard measured by GPC was 34,10 0 and Mw/Mn was 1.09. 
The composition ratio of the structural units [A]/[B] in 
the resulted polymer was 40/60. 
Example 22 

In- a 500 ml Schlenk flask, 3 , 6-epoxy-l , 2 , 3 , 6- 
tetrahydrophthalide (1.08 g, 6.0 mmol) and 8,9-di[(l'- 
ethy lcyc lopentoxy ) carbony 1 ] tetracyc lo [4.4.0.12, 5.17, 10]- 
3-dodecene (6.17 g, 14.0 mmol) were dissolved, as cyclic 
olefin monomers, in 200 ml of tetrahydrof uran, under a ni- 
trogen atmosphere. To this was added Mo(N-2,6- 
iPr 2 C 6 H 3 ) (CHCHCMe 2 ) (OC(CF 3 ) 2 Me) 2 (206 mg, 0.35 mmol) as a 
ring-opening metathesis polymerization catalyst, and they 
were reacted at room temperature for 3 0 minutes. Then, bu- 
tylaldehyde (108 mg, 1.50 mmol) was added and the mixture 
was stirred for 1 hour to terminate the reaction. 

This ring-opening metathesis polymer solution was 
added into methanol to precipitate a ring-opening metathe- 
sis polymer which was filtrated, washed with- methanol , and 
dried in vacuo, to give 6.6 6 g of a ring-opening metathesis 
polymer powder. 

Then, in a 500 ml autoclave, 6 . 0 g of this ring- 
opening metathesis polymer powder was dissolved in THF (250 



ml), and to this was added a previously prepared solution 
of triethylamine (10.1 mg, 0.10 mmol) and dichloro- 
tetrakis(triphenylphosphine) ruthenium (36.6 mg, 0.03 mmol) 
in THF (2 50 ml) as a hydrogenation catalyst, and a hydro- 
genation reaction was conducted for 16 hours at a hydrogen 
pressure of 9.0 MPa and a temperature of 100°C, then, the 
temperature was returned to room temperature, and a hydro- 
gen gas was discharged. This hydrogenated ring-opening me- 
tathesis polymer solution was added into methanol to pre- 
cipitate a hydrogenated ring-opening metathesis polymer 
which was separated by filtration and subjected to vacuum 
drying to provide 5 . 4 g of a hydrogenated ring-opening me- 
tathesis polymer in the form of a white powder. The hydro- 
genating rate calculated from 1 H-NMR of the resulted hydro- 
genated ring-opening metathesis polymer was 100%, and the 
number-average molecular weight Mn in terms of polystyrene 
standard measured by GPC was 2 6,900 and Mw/Mn was 1.06. 
The composition ratio of the structural units [A]/[B] in 
the resulted polymer was 30/70. 
Example 23 

In a 10 00 ml autoclave equipped with a magnetic stir- 
rer, 3,6-epoxy-l,2,3,6-tetrahydrophthalide (18.26 g, 120.0 
mmol) and 8-tert-butoxycarbonyltetracyclo[ 4 . 4 . 0 . 1 2 ' 5 . 1 7 ' 10 ] - 
3-dodecene (31.24 g, 120.0 mmol) were dissolved, as cyclic 
olefin monomers, in tetrahydrof uran (550 ml), under a ni- 
trogen atmosphere. To this was added 1 , 5-hexadiene (1.6 ml, 
14.0 mmol) as a chain transfer agent and Mo(N-2,6- 
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iPr 2 C 6 H 3 ) (CHCMe 3 ) (OC(CF 3 ) 2 Me) 2 (950 mg, 1.20 mmol) as a 
ring-opening metathesis polymerization catalyst , and they 
were reacted at room temperature for 2 hours. Then, buty- 
laldehyde (4 33 mg, 6.0 mmol) was added and the mixture was 
stirred for 30 hours to terminate the reaction. 

This ring-opening metathesis polymer solution was 
added into methanol to precipitate a ring-opening metathe- 
sis polymer which was filtrated, washed with methanol, and 
dried in vacuo, to give 44.4 g of a ring-opening metathesis 
polymer powder. 

Then, in a 1000 ml autoclave, 40.0 g of this ring- 
opening metathesis polymer powder was dissolved in THF (400 
ml), and to this was added a previously prepared solution 
of chlorohydridecarbonyltris ( triphenylphosphine ) ruthenium 
(20 mg, 0.02 mmol) in THF (40 ml) as a hydrogenation cata- 
lyst, and a hydrogenation reaction was conducted for 2 0 
hours at a hydrogen pressure of 6.0 MPa and a temperature 
of 100°C, then, the temperature was returned to room tem- 
perature, and a hydrogen gas was discharged. This hydro- 
genated ring-opening metathesis polymer solution was added 
into methanol to precipitate a hydrogenated ring-opening 
metathesis polymer which was separated by filtration and 
subjected to vacuum drying to provide 37.9 g of a hydrogen- 
ated ring-opening metathesis polymer in the form of a white 
powder. The hydrogenating rate calculated from 1 H-NMR of 
the resulted hydrogenated ring-opening metathesis polymer 
was 100%, and the number-average molecular weight Mn in 



terms of polystyrene standard measured by GPC was 8090 and 
Mw/Mn was 1.36. The composition ratio of the structural 
units [B]/[E] in the resulted polymer was 50/50. 
Example 2 4 

20.0 g of the hydrogenated ring-opening metathesis 
polymer obtained in Example 23 was added to a solution of 
5.0 ml of trif luoroacetic acid in 1000 ml of toluene, in a 
2 000 ml eggplant form flask, and the mixture was stirred 
for 3 hours at 70°C, the solvent was distilled off, and the 
resulted mixture was further dissolved in THF and added 
into methanol to form a precipitate which was filtrated, 
and dried in vacuo to obtain 18.4 g of a hydrogenated ring- 
opening metathesis polymer partially ester-decomposed in 
the form of a white powder. The composition ratio of the 
structural units [B]/[D]/[E] in the resulted' polymer was 
50/13/37, and the number-average molecular weight Mn meas- 
ured by GPC was 804 0, and Mw/Mn was 1.36. 

Example 25 

In a 1000 ml autoclave equipped with a magnetic stir- 
rer, 3,6-epoxy-l,2,3,6-tetrahydrodimethylphthalide (21.62 g, 
120.0 mmol) and 6 , 6-dimethyl-5-oxapentacyclo- 
[7.4.0.0 3 - 7 .l 2 - 8 .l 10 - 13 ]-pentadec-ll-en-4-one (29.32 g, 
120.0 mmol) were dissolved, as cyclic olefin monomers, in 
tetrahydrofuran (550 ml), under a nitrogen atmosphere. To 
this was added 1 , 5-hexadiene (1.6 ml, 14.0 mmol) as a chain 
transfer agent and Mo (N-2 , 6-iPr 2 C 6 H 3 ) ( CHCMe 3 ) (OC (CF 3 ) 2 Me ) 2 
(950 mg, 1.20 mmol) as a ring-opening metathesis polymeri- 
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zation catalyst, and they were reacted at room temperature 
for 2 hours. Then, butylaldehyde (433 mg, 6.0 mmol) was 
added and the mixture was stirred for 3 0 hours to terminate 
the reaction. 

This ring-opening metathesis polymer solution was 
added into methanol to precipitate a ring-opening metathe- 
sis polymer which was filtrated, washed with methanol, and 
dried in vacuo, to give 47.7 g of a ring-opening metathesis 
polymer powder. 

Then, in a 1000 ml autoclave, 40.0 g of this ring- 
opening metathesis polymer powder was dissolved in THF (400 
ml), and to this was added a previously prepared solution 
of chlorohydridecarbonyltris(triphenylphosphine) ruthenium 
(20 mg, 0.02 mmol) in THF (40 ml) as a hydrogenation cata- 
lyst, and a hydrogenation reaction was conducted for 2 0 
hours at a hydrogen pressure of 6.0 MPa and a temperature 
of 100°C, then, the temperature was returned to room tem- 
perature, and a hydrogen gas was discharged. This hydro- 
genated ring-opening metathesis polymer solution was added 
into methanol to precipitate a hydrogenated ring-opening 
metathesis polymer which was separated by filtration and 
subjected to vacuum drying to provide 36.4 g of a hydrogen- 
ated ring-opening metathesis polymer in the form of a white 
powder. The hydrogenating rate calculated from 1 H-NMR of 
the resulted hydrogenated ring-opening metathesis polymer 
was 100%, and the number-average molecular weight Mn in 
terms of polystyrene standard measured by GPC was 7940 and 



Mw/Mn was 1.31. The composition ratio of the structural 
units [B]/[B'] in the resulted polymer was 50/50. 

Next, effects when the hydrogenated ring-opening me- 
tathesis polymers of the present invention (Polymers 1 to 
24) were used as a resist material are shown by Reference 
Examples . 
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[Reference Example I] 

The resolutions of resist materials of the present 
invention in exposure to KrF excimer laser were evaluated. 
[Reference Examples 1-1 to 12] Evaluation of resolution of 
resist 

Polymers of the above-described formulae (Polymer 1, 
2) were used as a base resin, and acid generators of the 
following formulae (PAG 1, 2), solution suppressing agents 
of the following formulae ( DRR 1 to 4), basic compound, 
compounds having a group of =C-COOH in the molecule of the 
following formulae (ACC 1, 2) and solvent were mixed in ra- 



tios shown in Table 1. Then, these were filtrated through 

a Teflon filter (pore diameter: 0.2 jum) to give resist ma- 
terials. 




The resist solution was applied by rotation mode on a 
silicon wafer on which a reflection reducing film (DUV 30 
manufactured by Nissan Kagaku K.K., 55 nm) had been applied, 
and thermal treatment at 130°C for 90 seconds was performed 
to form a resist film having a thickness of 485 nm. This 
was exposed by using a KrF excimer laser stepper (manufac- 
tured by Nikon Corp., NA=0.5), and thermal treatment at 
110°C for 9 0 seconds was performed, then, paddle develop- 
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ment was effected for 60 seconds using an aqueous 2.38% 
tetramethylammonium hydroxide solution, to form a line and 
space pattern of 1:1. The developed wafer was cut and the 
cut section was observed by SEM (scanning electron micro- 
scope), and the minimum line width (jam) of line and space 
separated at the exposure amount (optimum exposure 
amount=Eop, mJ/cm 2 ) which resolves line and space of 0.30 
lira at 1:1 was utilized as the resolution of a resist to be 
evaluated. Pattern forms in this process were classified 
into any of rectangle, rounded head, T-top, ordinary taper, 
and reverse taper. 

Compositions and evaluation results of resists are 
shown in Table 1. In Table 1, solvents and basic compounds 
are as described below. And, all solvents used contained 
FC-430 (manufactured by Sumitomo 3-M K.K.) in an amount of 
0.05% by weight. 
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CyHO : cyclohexanone 
TBA : tr ibuty lamine 
TEA: triethanolamine 

TMMEA: trismethoxymethoxyethy lamine 
TMEMEA: trismethoxyethoxymethoxyethy lamine 

From the results in Table 1, it was confirmed that 
resist materials of the present invention show high sensi- 
tivity and high resolution in exposure to KrF excimer laser. 
[Reference Example II] 

The resolutions of resist materials of the present 
invention in exposure to ArF excimer laser were evaluated. 
[Reference Examples Il-l to 22] Evaluation of resolution of 
resist 

Resist materials having compositions shown in Table 2 
were prepared in the same manner as described above. 

The resist solution was applied by rotation mode on a 
silicon wafer on which a reflection reducing film (ARC 25 
manufactured by Nissan Kagaku K.K., 77 nm) had been applied, 
and thermal treatment at 130°C for 90 seconds was performed 
to form a resist film having a thickness of 375 nm. This 
was exposed by using a ArF excimer laser stepper (manufac- 
tured by Nikon Corp., NA=0.55), and thermal treatment at 
110°C for 90 seconds was performed, then, paddle develop- 
ment was effected for 60 seconds using an aqueous 2.38% 
tetramethylammonium hydroxide solution, to form a line and 
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space pattern of 1:1. The developed wafer was cut and the 
cut section was observed by SEM (scanning electron micro- 
scope), and the minimum line width (jum) of line and space 
separated at the exposure amount (optimum exposure 
amount=Eop, mJ/cm 2 ) which resolves line and space of 0.30 
£zm at 1:1 was utilized as the resolution of a resist to be 
evaluated. Pattern forms in this process were classified 
into any of rectangle, rounded head, T-top, ordinary taper, 
and reverse taper. 

Compositions and evaluation results of resists are 
shown in Table 2. In Table 2, solvents and basic compounds 
are as described below. And, all solvents used contained 
FC-430 (manufactured by Sumitomo 3-M K.K. ) in an amount of 
0.01% by weight. 
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From the results in Table 2, it was confirmed that 
resist materials of the present invention show high sensi- 
tivity and high resolution in exposure to ArF excimer laser. 

As described above, the hydrogenated ring-opening me- 
tathesis polymer and the method of producing- the same of 
the present invention are extremely valuable from the in- 
dustrial standpoint since they are suitable for a photore- 
sist for fine processing of a semiconductor using ultravio- 
let ray and far ultraviolet ray, excellent in heat resis- 
tance, thermal decomposition resistance, light transmit- 
tance and the like. 
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